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ABSTRACT  
 

Introduction Agriculture remains an important sector in the Malaysian economy and 

pesticides are widely used in this sector. The use of pesticides poses a serious health threat to 

the population especially occupationally exposed populations. However, there is limited 

information on pesticide exposure and their health effects among farmers in Malaysia. Hence, 

the aims of this study were to assess pesticide exposure and investigate the health impact of 

pesticide use.  

Methods A cohort study was conducted in Bachok and Kota Bharu districts, Kelantan state, 

east coast of Malaysia between September 2018 and February 2019. Information on 

demographics, general health, working practices and pesticide exposure was collected. A 

symptom diary was used to collect data on self-reported ill-health symptoms for seven days. 

The symptoms were categorised into pyrexial and respiratory factors based on previous 

published literature. Pesticide spraying was observed in order to complete the Dermal 

Exposure Assessment Method (DREAM) and pesticide exposure algorithms used to estimate 

exposure intensity scores based on Agricultural Health Study (AHS) and Ethiopian Farmer 

Study (EFS). Urine samples were collected in pre- and post-spraying and were analysed by 

using liquid chromatography-mass spectrometry. Associations between pesticide exposure 

and self-reported ill-health were examined.  

Results 150 farmers growing either rice (n=83) or vegetables/fruits (n=67) participated. For 

farmers who reported using a specific pesticide, urine levels of the pesticide metabolite post-

spraying were higher than pre-spraying levels for chlorpyrifos (p <0.01), pyrethroids (p <0.01) 

and cypermethrin (p <0.01). All of the farmers who had minimal/low level of urinary 

metabolites used backpacker sprayers. Farmers who had high/very high level of urinary 

metabolites were exposed more on their head or face (p=0.03). The median EFS pesticide 

exposure intensity was higher for rice farmers compared to vegetable/fruit farmers (p<0.01).  

32.7% of farmers reported on at least one occasion a health symptom occurring within 

48hours after spraying in the spraying week. Symptoms were more common among the rice 

farmers (p=0.04) and the most common symptoms were feeling unusually tired which was 

reported by 16% of farmers, followed by feeling sweaty, shivery and feverish (13.3%) and 

having a headache (13%). 18.7% of the farmers were identified as having either a pyrexial 

factor occurring within 48 hours of spraying. The farmers who wore face shields had an 

increased risk of having the pyrexial factor (OR 2.9; 95% CI: 1.01, 8.71) and the farmers who 

wore chemically resistant boots had a reduced risk of having the pyrexial factor (OR 0.23; 

95%CI: 0.08, 0.70). 

The farmers who sprayed less than 1 day per week had 5-fold increased risk (OR=5.22; 

95%CI: 1.69, 17.22) of having average/poor health and the farmers who had an incident while 

using pesticides had increased risk of having high blood pressure 

(OR=4.06;95%CI:1.21,11.66) and Parkinsonism/neurology symptoms. (OR=4.48; 95%CI: 

1.46, 10.94), respectively. 

Conclusions Farmers were exposed to pesticides in the spraying session based on assessment 

of urine metabolites, pesticide exposure intensity score and DREAM score parameters. Acute 

health symptoms were observed among the farmers following pesticide exposure. However, 

the symptoms were not specific to pesticide and might be due to other causes.The results 

collected in his study will provide baseline data on pesticide exposure and health effects in 

Malaysia. 
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW 

 

 

1.1 INTRODUCTION 

 

Environmental health problems are a global issue. In Malaysia, environmental health 

problems are mostly attributed to global warming or climate changes, air pollution, 

water pollution as well as environment chemicals including pesticides (1). In 2016, 

throughout the globe, approximately two million tons of pesticide was utilized. The 

top ten pesticide consuming countries in the world are China, the United State of 

America (USA), Brazil, Argentina, Canada, Ukraine, France, Malaysia, Australia and 

Spain. The top three highest countries for average annual pesticide use (kg/ha) were 

China (13.1 kg/ha), followed by Malaysia (8.1) and Brazil (6.0) (Table1.1) (2). 

 

Table 1.1: Top ten countries that use pesticides worldwide 

 

Country Pesticide use 

Tons kg per hectare of cropland 

China 1 763 000 13.1 

USA 407 779 2.5 

Brazil 377 176 6.0 

Argentina 196 009 4.9 

Canada 93 839 2.4 

Ukraine 78 201 2.3 

France 70 589 3.6 

Malaysia 67 288 8.1 

Australia  63 416 2.0 

Spain 60 896 3.6 

 

Adapted from (2) 

 

In 2016, herbicides accounted for the most proportion of total pesticide use 

worldwide (47.5%), second were insecticides (29.5%) and followed by fungicides 

(17.5%) and other pesticides (5.5%) (3). It is estimated that by end of 2020, pesticide 

usage worldwide will increase up to 3.5 million tonnes (4). 
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As for year 2018, 11.0% of total employment in Malaysia was engaged in the 

agricultural sector and 24.0% of the total land in Malaysia was used for agricultural 

purposes. The agricultural system in Malaysia is undergoing progressive agricultural 

development from traditional to commercial systems (5). Due to this change, 

pesticides have been used widely in various farming practices such as vegetables, 

fruits, rice, rubber and palm oil plantations (6).  

 

Worldwide, the health impacts of pesticide can greatly affect farming 

communities and have become one of the major public health problems (7). Many 

studies have been conducted and reported an association between pesticide exposure 

and acute (8–10) and chronic health hazards such as neurobehavioral changes (11–13), 

reproductive (14) and certain types of cancers (15,16). The health issues will 

subsequently result in economic losses due to increase medical expenses, decreased 

productivity and absence from work. It is a discouraging fact though that the scientific 

data available on pesticide use among occupationally exposed workers in Malaysia is 

limited. This contributes to the invisibility of this important public health issues.  

 

1.2 DEFINITION AND CLASSIFICATION OF PESTICIDES  

 

According to the Food and Agriculture Organisation of the United Nations, pesticides 

are defined as any chemical or biological substance that are  mainly used in 

agriculture that are intended for preventing, destroying, repelling or mitigating any 

pests such as insects, mice and other animals, unwanted plants, fungi or 

microorganisms that will cause harm during the production, processing, storage, 

transport or marketing of food and wood to improve quality food and material through 

preservation, control of vector-borne diseases and crop protection (17). 

 

Pesticides can be categorised based on their target organisms (e.g. 

rodenticides, insecticides, fungicides and herbicides), toxicity based on results of 

acute toxicity studies in the rat (e.g. extremely, highly, moderately or slightly 

hazardous and unlikely to present acute hazard) and their chemical families (e.g. 

organophosphates (OPs), organochlorines (OCs), carbamates and pyrethroids). The 
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classification of certain type of pesticides remains difficult because one pesticide can 

belong to different chemical families and have different targets (18). 

 

1.2.1 Classification based on the target organism 

 

Pesticides have been classified based on the target organism due to the combination of 

compounds and a large number of chemical substances. The target organism includes 

all of the following; insecticides, fungicides, herbicides, rodenticides, miticides, 

nematicides and molluscicides (Table 1.2).  

 

Insecticides are pesticides that kill inserts and commonly used in agriculture, 

medicine, and industry and have both household and commercial uses. Examples of 

insecticides include OCs, OPs, organosulfur, carbamates, formamidines, 

dinitrophenols, organotins, pyrethroids, nicotinoids, and pyrazoles (19).  

 

Fungi can cause serious damage in agriculture resulting in crop loss and 

fungicides are used to treat fungal infection in animals. Examples of fungicides are 

hexaconazole, validamycin, benomyl, carbendazim and propiconazole (20).  

 

Herbicides are pesticides that design to destroy and kill unwanted plant and 

can be classified in many ways. The most common classification is based on 

selectivity with selective herbicides being designed to kill certain types of plants 

usually grasses or leaf weeds while leaving the wanted crop relatively unharmed and 

non-selective herbicides which are designed to kill all plants. Examples of non-

selective herbicides are paraquat and glyphosate and selective herbicides are 

chlorophenoxy acid and triazine which control board-leaf weeds (21).  

 

Rodenticides are pesticides that kill rodents which include rats, mice, squirrels, 

woodchucks, chipmunks and other small animals. Examples of rodenticides include 

thallium, sodium monofluoroacetate, strychnine, zinc phosphide, yellow phosphorus, 

arsenic, alphanaphthyl thiourea (ANTU) and dichlorodiphenyltrichloroethane (DDT) 

(22).  
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Miticides are pesticides that kill mites. Examples of miticides include carbaryl, 

diazinon, dimethoate and fluvalinate (23). Nematicides are pesticides used to kill 

parasitic worms such as roundworms and threadworms and can be grouped into 

fumigant and non-fumigant ones based on their volatility in soil. Examples of 

fumigant nematicides are 1,3 dichloropropene, chloropicrin, dimethyl disulphide and 

allyl isothiocyanate and non-fumigant nematicides are oxamyl, fluensulfone and 

fluazaindolizine (24). Molluscides are pesticides used to kill molluscs such as octopi, 

squid, snails and slugs. Examples of molluscides are alkyldimethylbenzylammonium, 

dimethylbenzyl ammonium chloride and niclosamide (25).  

 

Table 1.2: Definition based on the target of organism 

 

Target organism Definition 

Insecticides Chemical or biological agent formulated to kill, harm, repel or mitigate one 

or more species of inserts 

Fungicides Substance or preparation used to kill fungi or fungal spores 

Herbicides  Chemical used to destroy and kill unwanted plants. 

Rodenticides  Chemical design to kill rodents such as rat, mice, squirrels, woodchucks, 

chipmunks and other small animals. 

Miticides Chemical used to kill mites 

Nematicides Chemical used to kill plant-parasitic nematodes 

Molluscicides Chemical which kills mollusc 

 

Adapted from (19-25) 

 

1.2.2 Classification based on the nature of toxicity   

 

The World Health Organisation (WHO) proposed a classification of pesticides 

according to their potential hazard and this was approved by the 28th World Health 

Assembly in 1975 (26). This classification is based on oral and derma5l toxicity to the 

rat based on estimating the median lethal dose (LD50) that produces death in 50% of 

the rats. The classification is based on five categories ranging from unlikely to present 

acute hazard (Class U) to extremely dangerous (Class Ia) (Table 1.3). This 

classification is accepted worldwide following extensive international consultation. 

Around the world, about 400 class Ib active substances are on the market. In industrial 

countries, most of WHO class I pesticides are not allowed or strictly prohibited for use 

because of their toxic effects by which a teaspoonful (5 ml) of these pesticides would 

be enough to kill a human (27). 
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Table 1.3: WHO Classification of pesticides based on the nature of toxicity  

 

WHO Class Toxic effect 

LD50 for the rat (mg/kg body 

weight) 

Oral Dermal 

Ia Extremely hazardous <5 <50 

Ib Highly hazardous 5-50 50-200 

II Moderately hazardous 50-2000 200-2000 

III Slightly hazardous Over 2000 Over 2000 

U Unlikely to present acute hazard 5000 or higher 

 

Adapted from (26) 

 

 

1.2.3 Classification based on chemical structure 

 

The most common way of classifying pesticides is based on chemical structure (Table 

1.4) with four common groups being OPs, OCs, carbamates and pyrethroids (18).  

 

Table 1.4:  Four common pesticide groups, their mode of action and examples of pesticides  

 

Chemical group Mode of action Example WHO 

Classification 

OPs Inhibition of 

acetylcholinesterase 

(AChE) enzyme resulting 

in overstimulation of 

nicotinic and muscarinic 

receptors and the central 

nervous systems. 

Chlorpyrifos 

Glyphosate 

Malathion 

Methyl- parathion 

Parathion 

II 

III 

III 

Ia 

Ia 

 

OCs Inhibition of chloride flows 

into the nerve by binding at 

gamma-Aminobutyric acid 

(GABA) chlorine 

ionophore complex. 

Aldrin 

DDT 

Dieldrin 

II 

II 

           II 

Carbamates Similar to OPs but the 

inhibitory effect on 

cholinesterase is short 

duration 

Aldicarb 

Carbofuran 

Carbaryl 

Ia 

Ib 

II 

Pyrethroids Act on the sodium and 

chloride channels in nerve 

and muscle cells and lead 

to hyperexcitability 

followed by paralysis. 

Allethrin 

Bifenthrin 

Cyfluthrin 

Permethrin 

Resmethrin 

II 

II 

Ib 

II 

III 

 

Adapted from (28) 

 

OP compounds are ester, amide or thiol derivatives of phosphoric, phosphonic or 

phosphinic acids. The general structure of OPs shown in Figure 1.1. The R1 and R2  
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groups are usually a methyl or ethyl group, O is either a sulphur or oxygen atom 

bound to the phosphorus with a double bond and OR3 represents the leaving group 

that is displaced when the OP phosphorylates AChE and is the most sensitive to 

hydrolysis (29). OP pesticides affect the nervous systems, which is primarily 

attributed to binding to AChE. AChE is an important neurotransmitter at neural and 

neuromuscular junctions and degrades acetylcholine into choline and acetic acid. This 

will inhibit AChE function and can lead to a disruption of nerve impulses leading to 

the irreversible accumulation of excess acetylcholine at nerve synaptic and 

neuromuscular junctions and overstimulation of muscarinic and nicotinic receptors 

(30). 

 

 
 

Figure 1.1: General chemical structure of OPs compound  

 

Adapted from (29) 

 

An OC is a chlorinated hydrocarbon containing at least one covalently bonded 

chlorine atom and they have been extensively used in agriculture and for mosquito 

control from the 1940s to 1960s (31). Compare to OPs, OCs are more stable and 

remain in the environment for a longer time and accumulate in human and animal 

fatty tissues (18). OCs prevent the deactivation or closing of sodium/ potassium gates 

of the axon resulting in a hyper excitability state (19). Two principal groups of OCs 

are the DDT and the chlorinated alicyclic compounds which include aldrin, dieldrin, 

endrin, heptachlor, chlordane and endosulfan (31). The general structure of DDT is 

shown in Figure 1.2 
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Figure 1.2: General chemical structure of DDT, OC compound  

 

Adapted from (31) 

 

A carbamate pesticide is an organic compound derived from carbamic acid. 

The general structure of carbamates is shown in Figure 1.3. R1 is an alcohol, oxime or 

phenol and R2 and R3 are either hydrogen or a methyl group. The mode of action of 

carbamates is similar to that of OPs in that they inhibit AChE enzymes, but the bond 

formed is reversible and brief (32).  

 

 
 

Figure 1.3: General chemical structure of carbamate compound  

 

Adapted from (32) 

 

A pyrethroid is a synthetic version of pyrethrin that shares some similarity to 

the natural pesticide pyrethrum, which is produced by chrysanthemum flowers (33). 

The general structure of the pyrethroid is shown in Figure 1.4. Pyrethroids can be 

classified into two groups; (a) type I pyrethroids that have a basic cyclopropane 

carboxylic ester structure (e.g. permethrin), and (b) type II pyrethroids that have an 

alpha-cyano group (e.g. cypermethrin and deltamethrin).  
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Figure 1.4: General chemical structure of pyrethroid compound 

 

Adapted from (33) 

 

1.3 AGRICULTURAL SYSTEMS AND PESTICIDE USE IN MALAYSIA  

 

Malaysia is in Southeast Asia and the total population is approximately 33 million 

with a total area of 330,000 of square kilometres. Figure 1.5 shows a map of Malaysia, 

which consists of the Malay Penisula and East Malaysia. The Malay Peninsula is also 

known as West Malaysia and has land borders with Thailand and Singapore. Its area is 

around 132,000 square kilometres, which is nearly 40% of Malaysia or slightly larger 

than England. East Malaysia has land borders with Indonesia and Brunei. The total 

area is around 200,000 square kilometres which represents approximately 60.0% of 

the total land of Malaysia.  

 

 
 

Figure 1.5: Map of Malaysia 

(A) Malay Penisula or West Malaysia, and (B) East Malaysia 

 

Adapted from (34) 

 

(A) 

(B) 
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Its main contributor to the economy is the service sector, followed by 

manufacturing, mining and agricultural sectors (35). Despite providing a small 

contribution, agriculture remains a backbone and important sector of Malaysia’s 

economy. Agriculture in Malaysia is controlled by the Ministry of Agriculture and 

Agro-based Industry and can be divided into three subsectors include; (i) Agro-

industry which is for export market which comprises of oil palm, rubber and cocoa, 

(ii) Food industry for domestic consumption including fruits, rice and vegetables, and 

(iii) Miscellaneous group which serves both domestic consumption and export 

including pepper, coconuts, sweet potato, etc (36,37).  

 

The agricultural sector is crucial in the national economy of Malaysia. It 

contributed 8.2% or RM96 billion to the Gross Domestic Product (GDP) in 2017. Oil 

palm was a major contribution to the GDP of agriculture sector at 46.6% followed by 

other agriculture (18.6%), livestock (11.4%), fishing (10.5%), rubber (7.3%) and 

forestry (5.6%) (38). Among the agro-food commodities, paddy is cultivated over 

approximately 394,200 hectares in 2020, followed by fruits and coconut, which 

accounted for 203,100 hectares and 85,800 hectares, respectively  (39) (Table 1.5). 

 

Table 1.5: Land usages by agro-food commodities (2010-2020) 

 

Type of Agrofood  Land usage (acre) 

2010 2015 2020 

Paddy  444,300 394,200 368,200 

Fruits  239,400 203,100 206,900 

Coconut  105,700 85,800 77,600 

Vegetables  39,300 38,400 45,700 

Others  7,100 9,600 10,200 

 

Adapt from (39) 

 

The number employed in the agriculture sector was 1,631, 600 in 2017, a gain 

of 21.7 thousand (1.3%) from the previous year and this sector was dominated by men 

(77.2%). It provides major employment especially in rural areas (38). 

 

Pesticides are commonly used in agriculture and their use is critically 

important to improve productivity, protection of crop losses, vector disease control as 

well as the quality of food (40). During the past few decades, there has been 
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widespread use of pesticides in Malaysia and other developing countries. Malaysia 

pesticide use has steadily increased since 2006 and as for 2016, pesticide use 

accounted for nearly 50,000 tonnes of active ingredients with total use of 5.9kg/ha of 

crop land (Figure 1.6) (41). In 2015, herbicides were the most imported pesticide use 

which accounted for 64% total pesticides, followed by insecticides (26%), fungicides 

(6%) and rodenticides (4%) (42). 

 

 
 

Figure 1.6: Average pesticide uses per area of cropland in Malaysia. 

 

Adapted from (41) 

 

              Malaysian farmers apply pesticides all year-round due to multiple cropping 

and do not undertake seasonal spraying like in the UK, the USA and other Northern 

countries. However, the frequency of spraying changes depending on the weather.  

During the rainy season, the frequency of spraying is higher than that in dry weather 

due to quicker washing off the pesticides. In addition, the farmers often apply 

pesticides according to their pesticide spraying schedule even though there may be no 

sign of a pest outbreak. The farmers have a lot of different crops which require the use 

of different pesticides which can also lead to more spraying. Both this more frequent 

spraying and spraying on different crops could lead to extended exposure and 

pesticide load in body (43,44). 

 

1.4 ROUTES OF PESTICIDE EXPOSURE  

 

There are many pathways of exposure to pesticides. The three most common routes 

for pesticides exposure are dermal absorption, oral ingestion and inhalation.  
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1.4.1 Dermal absorption exposure  

 

The most common pathway of occupational pesticide exposure is via dermal 

absorption (45,46). There are three types of pesticide dermal interactions which 

produce systemic effects or a combination of local and systemic effects. Firstly, the 

pesticide acts locally and induce local effects such as irritation or degradation of the 

skin barrier. Secondly, the pesticide may pass through the skin and produce to the 

systemic effects such as to the endocrine system. Lastly, the pesticide triggers a 

complex immune system which subsequently produces allergic skin reactions at the 

point of contact or at skin sites remote to the contact (47). 

 

This might happen as results from splashes and spills on protective clothing or 

unprotected skin especially during tank mixing, loading or applying (48). The dermal 

exposure level varies depending on different parts of the body. A study conducted in 

China during pesticide spraying showed that the lower part of the body such as thigh 

and lower leg were the most exposed body part compared to the upper body part (49).  

 

The contamination of the body also depends on the type of activity. During 

downward pesticide spraying, 50-85% of the total estimate dermal exposure was 

through legs and 10-25% was through hands. However, during up and sideward 

pesticide spraying, 65% of the total estimate dermal exposure was through the upper 

body and 25% was through legs (50). During mixing, hand contribute half of the 

dermal contamination follow by forearm (13.0%), legs (12.3%) and head (10.8%) 

(51). 

 

The transport of pesticide particles to the body surface occurs through three 

main routes which are emission, deposition and transfer. Emission is the direct release 

of the substance onto the skin or clothes (e.g. splashing, the immersion of hands into a 

liquid or powder (diameter of > 100microm, spilling while fixing nozzle or nose, etc). 

The deposition is the settlement of the contaminant mass of small particles with an 

aerodynamic diameter of <100 micrograms such as vapours or mist onto the skin or 

clothing after their first release into the air and environmental factors such as 

meteorological conditions (e.g. walking into the spray cloud because of the spraying 
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against the wind). The transfer involves the transport of mass from the contaminated 

surface onto skin or clothing. For example, skin contact with surfaces such as 

worktables, floor, working tools and equipment that got contaminated with agent in 

previous applications or the present one (52).  

 

1.4.2 Inhalation exposure 

 

In agriculture settings, inhalation exposure contributes a small fraction of the total 

exposure and appears to be more limited than dermal exposure. This is likely due to 

low vapour pressures of many pesticides (45,51,53). During mixing and loading of 

liquid pesticides in closed mixing systems, the inhalation of pesticide is little and 

gives no effects. However, the inhalation route becomes more significant when a 

person is working in poorly ventilated or in confined spaces, breathing vapours, dust 

or mists (54). 

  

The hazards from vapours and very small particles pose more serious risks 

compared to bigger particles. When low-pressure equipment such as hydraulic sprayer 

is used, the hazard is reasonably low because the droplets are too large to remain in 

the air. However, in high pressure from ultra-low volume equipment or fogging 

equipment, the droplets are smaller and the droplets can be carried in the air for 

sometimes and increase the potential hazards to cause respiratory symptoms (55,56). 

 

1.4.3 Ingestion exposure  

 

For the general population, ingestion exposure is more common route of exposure. 

Among occupationally exposed workers, oral exposure of pesticides is a less common 

route of pesticide absorption, but it may result in serious injury. Ingestion of pesticides 

can also occur accidentally by drinking, but it is more likely to occur unintentionally 

when farmers have not washed their hands and while eating or smoking. Accidental 

oral exposure can also arise when the label of the pesticides has been removed from 

the original bottle. It has been reported that the major site of absorption is in the small 

intestine whereby pesticides are absorbed into the bloodstream and distributed to the 

entire body (54). In Tanzania, more than half of the accidents involving pesticides 
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happen among children compared to occupationally exposed workers and are more 

common in girls (57). 

 

1.5 EXPOSURE ASSESSMENT OF PESTICIDE  

 

1.5.1 Determinants of pesticide exposure  

 

There are many factors that may influence the determinants of pesticide exposure. The 

pesticide exposure on workers depends on the type of applicant equipment used. The 

farmers who applied pesticide by themselves had significantly higher pesticide 

exposure than farmers who had the pesticide applied by a commercial applicator (58). 

Comparing between air blast and hand spray, air blast was associated with a four to 

five-fold increase of pesticide exposure compared to hand spray (59). In a bigger 

farm, rear-mounted devices are associated with higher exposure than trailer sprayers 

(60). In addition, pesticides applied using high-pressure motor machines is associated 

with a higher degree of exposure than the backpacker sprayer (61,62).  

 

The pesticide has various types of formulations such as solid, liquid or gas and 

different types of formulations even though same active ingredient have different 

capabilities to penetrate to the body and produce the exposure. For example, Aurelie 

et al. found that bentazon, which is one type of herbicide showed the difference in rate 

in permeability in two difference formulations (liquid and powder diluted in water). 

Hence, the exposure produce was difference (63). 

 

As discussed in the previous section, there are three routes of pesticide entry 

and liquid or gas can get into the body through all routes. Therefore, liquid or gas 

formulations tend to have higher chance to enter the body and are more hazardous 

than solid. Also, a liquid formulation is prone to splashing or spillage, resulting in 

direct contact with skin if no cloth protection or indirect contact from contaminated 

clothes (64). Whereas solid formulations have a lower chance to penetrate through 

inhalation. However, small solid particles can remain long enough on the skin and 

also may penetrate the body similar to liquid or gas (48). 
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The duration and frequency affect exposure to the pesticide. The farmers who 

handle pesticide once a year had lower exposure than those who apply in consecutive 

days or weeks and the farmer who used pesticides for than 20 years had higher 

exposure than those farmers who used pesticides less than 20 years (64,65).   

 

Pesticide related work tasks during pesticide use also have an impact on 

exposure. Generally, pesticide user involves in the following activities; (a) mixing and 

loading, (b) application, and (c) equipment cleaning (3). Risks of workers exposure to 

pesticide are higher during the mixing and loading phase because the pesticides 

product is handed and high exposure events such as spills can occur but it may vary 

between the workers (48,60,66). However, the risk of pesticide exposure while 

applying pesticide may exceed mixing and loading because of longer task duration 

(51). 

 

Personal Protective Equipment (PPE) is referring to clothing and devices worn 

to protect head, hand, back, eye, face, foot and skin from contact with pesticide or 

pesticide residues (67). Use of proper PPE has been considered important for the 

safety of the workers and can significantly reduce pesticide exposure either though 

dermal, inhalation or oral exposure (51,59). It also has been found that many of the 

farmers who used the PPE were healthy compared to those farmers who did not use 

the PPE (68). Hence, PPE is required during pesticides handling and application (67).  

 

The farmers are also exposed to pesticides when doing activities that are not 

directly related to pesticide use. For example, repairing and cleaning the spraying 

equipment were found to influence pesticide exposure (59). This is due to spills and 

splashes of pesticide residual in the spraying equipment and direct contact to the 

spraying equipment due to faulty or missing protective equipment (54). 

 

Hygiene practices also appear to be important factors associated with pesticide 

exposure (69). Washing hands right away after pesticide use may reduce the exposure 

because pesticides are either absorbed through or absorbed to the skin on the hands. 

Together, changing clothes immediately after exposure may also reduce exposure  

(70,71). 
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1.5.2 Exposure assessment method 

 

Exposure can be defined as events in which the person is in contact with an 

environmental stressor such as biological, chemical, behavioural or physical factor 

(72). Exposure assessment provides a method to evaluate exposure (in this study is 

related to pesticides) to human body and environment through identifying potential 

sources and routes of exposure. These methods of assessment can be used to support 

decisions on risk management. To date, there a variety of methods have been used in 

epidemiological studies and can be broadly divided into direct and indirect exposure 

assessment. Example for direct exposure assessment method includes biological 

monitoring using blood, urine or skin and personal sampling for exposure assessment 

of inhalation and dermal. Examples of indirect exposure assessment method include 

self-reported exposures, job title, and job histories by questionnaires. Data from 

indirect exposure assessment method can be used to develop semi-quantitative 

methods such as pesticide exposure intensity algorithms, job-exposure matrices, and 

dermal exposure assessment (73).  

 

A systematic review of articles on occupational exposure to pesticides, 

conducted by Ohlander et al. showed that indirect methods were more commonly used 

than direct methods especially in retrospective cohort studies and case-control studies. 

Self-reported exposure and job exposure matrices were the main indirect methods 

used and were increasing in trend and use of expert assessments and job title 

assessment were decreasing. However, the use of pesticide exposure intensity as 

determined by algorithms and predictive models showed no changes. For direct 

exposure assessment method, biomonitoring particularly blood sample was the most 

commonly used and accounted for every tenth exposure assessment method 

occurrence and was common in cross-sectional and prospective cohort studies (73).  

 

1.5.2.1 Biological monitoring of pesticide exposure 

 

Biological monitoring of exposure to pesticides includes measuring enzyme activities 

in blood and levels of parent pesticides or their metabolites in blood and urine. This 

are considered the most accurate indicators of recently absorbed dose of pesticides 



16 

   

(74). Table 1.6 shows examples biological monitoring methods to measure exposure 

to pesticides.  

 

The advantages of measuring biomarkers include incorporation of exposure from 

all routes and this will give an overall measure of exposure. The biomarkers can be 

used as an indicator of exposure to estimate the internal dose especially in low doses 

or complex mixtures of compounds exposure. Thus, it is considered a gold standard 

for assessing exposure to pesticides (74).  

 

 

A blood sample is used to measurement of cholinesterase enzyme activities 

including AChE in red blood cell and butyrylcholinesterase (BChE) in plasma (75). 

Depression of plasma AChE activity in blood indicates exposure to OPs. Many studies  

have measured AChE among populations occupationally exposed to pesticides 

 

Table 1.6: Type of biological sample and example of metabolites 

 

Type of pesticide Biological 

sample 

Example of metabolites/enzyme 

OPs    

    All ChE inhibitors Blood AChE 

    Alkyl phosphates   

 

Urine 3 dimethyl phosphate biomarkers; 

a) dimethylphosphate (DMP) 

b) dimethylthiophospahte (DMTP) 

c) dimethyldithiophosptate (DMDTP) 

 

3 diethyl phosphate biomarkers; 

a) diethylphosphate(DEP) 

b) diethylthiophosphate (DETP) 

c) diethyldithiophosphate (DEDTP) 

    Chlorpyrifos  Urine 3,5,6-trichloro-2-pyridinol (356TCP) 

    Glyphosate  Urine Glyphosate 

Carbamates   

    All ChE inhibitors  Blood AChE 

    Carbofuron  Urine 3-hydroxy carbofuran 

Pyrethroids   

    Cypermethrin  Urine Trans-3-(2,2-dichlorovinyl)-2,2,dimethylcyclopropane 

carboxylic acid (tDCVA),cis-3-(2,2-dichlorovinyl)-

2,2,dimethylcyclopropane carboxylic acid (cDCVA) 

    Deltamethrin  Urine Deltametrin 

    Permethrin  Urine Permethrin 

 

Adapted from  (76)(77) 
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(78–80). For blood AChE, the baseline activity needs to be taken after at least 30 days 

free from exposure to OPs. It needs to be taken at least twice with a minimum of three 

days but not more than 14 days interval between samples. A third sample will be taken 

if two tests differ more than 20%. The baseline level is calculated based on an average 

of samples. To be clinically significant, the post-exposure sample needs to be 15-20% 

lower than the baseline level (80,81).  

 

The limitation of using AChE is to require repeated blood taking, which is 

invasive to have pre-exposure (baseline activity) and also post-exposure to OPs. This 

is difficult if the farmers continuously exposed to pesticides without any break to 

allow washout of OP (82). Exposure to OPs is normally measured in urine by 

quantifying dialkylphosphate metabolites (DAPs). Once OPs pesticide exposure 

occurs, they can be metabolised and can produce up to six DAPs which include three 

dimethyl phosphate biomarkers; DMP, DMTP and DMDTP and three diethyl 

phosphate biomarkers; DEP, DETP and DEDTP (Figure 1.7). 

 

 

 
 

Figure 1.7: Structures of DAP metabolites of OPs 

 

Adapted from (83) 
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Not all OPs produce the same spectrum of DAP metabolites. Table 1.7 shows      

examples of OPs and their potential metabolites. Many studies have used urine DAP 

to measure exposure to pesticides (84–88). Alkyl phosphates are excreted in the urine 

in a short period (6-24 hours) after the exposure. So, samples need to be collected at 

the end of the exposure (89). Table 1.7 shows the examples of DAP in urine. 

 

Table 1.7: Examples of DAP in urine 

 

Metabolite OP 

DMP Dichlorvos, methylchlorpyrifos, trichlorfon, 

methylparathion 

DEP Diazinon, parathion, demeton, chlorpyrifos 

DMTP Azinphos-methyl, fenitrothion 

DMTP Diazinon, parathion, chlorpyrifos 

 

Adapted from (74) 

 

Glyphosate is not metabolised in the human body and excreted unchanged, 

predominantly in urine and thus the compound can be measured in urine. The half-life 

of glyphosate is between 5.5 to 7 hours  (90,91). Many studies have been conducted to 

evaluate glyphosate exposure among those occupationally exposed by measuring 

urinary glyphosate levels (91–94).   

 

356TCP is a metabolite of chlorpyrifos and excreted mainly via urination 

(Figure 1.8). Hence, it can be measured in urine (95). The half-life of 356TCP is 27 

hours following exposure, and 90% excretion of total dose occurs 24-48 hours after 

dermal exposure (96). Many studies conducted to evaluate exposure to chlorpyrifos by  

 

 
 

Figure 1.8: Chemical structure of 356TCP, which is the main  

degradation product of chlorpyrifos  

 

Adapted from (96) 
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using urinary 356TCP. Urinary 356TCP has therefore been widely used as a 

biomarker for assessing exposure to chlorpyrifos among the general or occupationally 

exposed population (97–102). 

 

          Pyrethroids are extensively metabolised to form less lipophilic compounds, 

which are rapidly and easily excreted in the urine. 3-phenoxybenzoic acid (3PBA) is 

commonly used to assess exposure for seven pyrethroids (i.e. cypermethrin, 

deltamethrin, cyhalothrin, esfenvalerate, fenpropathrin, permethrin and tralomethrin) 

in urine (Figure 1.9) (103). The half-life of 3PBA is 2.5-12 hours, and elimination is 

nearly completed within 5 days of exposure (104).  

 

Other metabolites such as tDCVA and cDCVA that derive from parent 

compounds of cypermethrin were also measured. The half-life of the metabolites in 

the body is 12.3 hours and peak between 12 and 36 hours (105). Many studies used 

urine pyrethroids to assess pesticide exposure among occupational exposed population  

(97,106,107). 

 

The use of biomarkers has limitations as it is not possible to measure all 

pesticide metabolites at the moment especially in developing countries. Furthermore, 

they are not able to capture past exposure. Hence, it more suitable for prospective 

cohort or cross-sectional studies. Besides, it also costly to do laboratory testing and 

unsuitable for more extensive epidemiology studies (104). 

 

 
 

Figure 1.9 Chemical structure of pyrethroid compound;  

(A) Permethrin, (B) Deltamethrin, and (C) alpha-cypermethrin 

 

Adapted from (105) 
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1.5.2.2 Self-reported exposures by questionnaire  

 

Self-reported exposure is determined by using a questionnaire. One of the advantages 

of self-reported exposures is that it is easy and relatively quick to obtain information 

on exposure, particularly in studies of a retrospective nature. The data generally 

collected from self-reported methods includes as information on exposure to specific 

pesticide active ingredients, job-exposure matrices and PPE use (69). Many studies 

used this method to assess exposure (69,108–111). However, self-reported methods 

can be prone to recall bias, which is a potential source of misclassification among 

exposed and unexposed. Also, reliability of self- reported exposure needs to be 

assessed by using Intraclass correlation, Kappa and Cronbach Alpha. For 

interpretation for ICC or Kappa; (a) above 0.90 (excellent), (b) between 0.89 and 0.75 

(good), (c) between 0.74 and 0.50 (moderate), and (d) below 0.49 (poor). For 

interpretation for Cronbach Alpha; (a) above 0.90 (excellent), (b) between 0.89 and 

0.8 (good), (c) between 0.79 and 0.7 (acceptable), (d) between 0.69 and 0.6 

(questionable), (e) between 0.59 and 0.5 (poor), and (f) below 0.49 (unacceptable) 

(112). 

 

1.5.2.3 Semi-quantitative methods to assess pesticide exposure by using Pesticide 

Exposure Intensity (PEI) algorithm 

 

Algorithms have been designed to estimate pesticide exposure intensity. Pesticide 

exposure intensity (PEI) is a semi-quantitative method to assess pesticide exposure by 

using self-reported information from the questionnaire or observational checklist on 

type of pesticides used and pesticide exposure such as working practices, use of PPE 

and post work hygiene. 

 

             Dosemeci et al. have developed a PEI model based on the Agricultural Health 

Study (AHS) in the USA. This was a cohort study conducted among more than 58,000 

pesticide applicators in North Carolina and Iowa. This study aimed to evaluate long-

term chemical-specific pesticide exposure based on two algorithms (general and 

detailed algorithm). Information was collected on enrolment and from take home 

questionnaires (113). In this cohort study, two algorithms were developed (general 

and detailed) chemical-specific information chemical specific 2-4 d, chlorpyrifos. This 
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study utilizes a mixture of professional judgment and the existing literature data to 

quantify potential pesticide exposure in a more detailed manner than has been 

attempted before. This algorithm has been validated particularly with the post-

application urinary concentration of pesticide (114–116). 

 

Negatu et al. has developed an easily semi-quantitative exposure assessment 

based on the PEI algorithm for a developing country, Ethiopia. This was conducted in 

the central eastern part of Ethiopian among a group of 256 pesticide applicators and 

345 re-entry workers from the different farming systems (small scale irrigated, large 

scale greenhouses, and large scale open). This study aimed to assess daily, annual, and 

cumulative lifetime exposure of pesticide among applicators and re-entry workers. 

Two specific semi-quantitative exposure algorithms for pesticides applicators and re-

entry workers were developed. This study concluded that the algorithm could help 

evaluate health effects associated with pesticide exposure, particularly in low and 

middle-income countries where resources are limited (117). 

 

1.5.2.4 Dermal exposure assessment  

 

Dermal exposure is the main route of pesticide exposure among the occupationally 

exposed population. Hence, dermal exposure assessment is a crucial aspect of risk 

assessment as it may lead to the development and improvement of  

 

There are various indirect methods to assess human dermal exposure, such as 

Control of Substances Hazardous to Health (COSHH) (118), Dermal Exposure 

Ranking Method (DERM) (119), Dermal Exposure Assessment Method (DREAM) 

(120) and Estimation and Assessment of Substance (EASE) (121). However, DREAM 

was chosen because it is based on a validated conceptual model for dermal exposure, 

applicable for a broad range of agents, providing reliability and accuracies of semi-

quantitative estimates of dermal exposure (52,120,122,123). DREAM is an 

observational structured semi-quantitative method to assess dermal exposure for 

chemical or biological agents (120). DREAM consists of an inventory and evaluation 

part. The Inventory part consists of five questionnaire sections, which includes 
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Table 1.8: Summaries of two establish PEI 

 

Parameter Dosemeci et al. (113) Negatu et al. (117) 

Name of study, year  Agriculture Health Study (AHS), 2001 Ethiopian Farmer Study (EFS), 2016 

Country USA Ethiopia 

Population  58,000 pesticide applicators in North Carolina and Iowa 601 farm workers (256 pesticide applicators and 345 re-entry workers) 

employed in 3 different farming systems (small scale, large scale 

greenhouse, large scale open) 

Method  Questionnaire 

- Time and intensity related information on 

pesticide exposure such as mixing, duration and 

frequency, application methods and PPP use 

- Take home questionnaire to obtained 

information maintenance or repair of mixing 

and application equipment, work practice and 

personal hygiene 

Questionnaire 

- Pesticide exposure-related factors (job title, application 

methods, mixing, the presence of indoor application, cleaning 

of equipment, total amount of pesticides used in kilogram and 

litter (kg +1) of pesticide used per day, number of working 

days per year and duration of employment. 

- PPE use and hygienic behaviour related factor (replacement of 

PPE, washing, and bathing after pesticide-related work) 

Aim of the algorithm  To estimate the specific intensity of exposure score to 

individual pesticides 

To adapt the semi-quantitative exposure assessment method from 

AHS to characterise exposure to a pesticide in applicators and re-entry 

farmers and farmworkers 

Algorithm  Two algorithms were developed 

 

1) General exposure algorithm 

 

The variables consist of mixing status, 

application method, repair equipment status, 

and PPE use 

 

2) Detailed exposure algorithm 

 

Two algorithms were developed 

 

1) Applicator exposure algorithm 

 

The variables consist of application method, farm layout (open or 

closed), pesticide mixing condition, cleaning spraying equipment, 

the intensity of pesticide application per day, PPE use, personal 

hygiene, annual frequency and duration of employment. 

 

2) Re-entry exposure algorithm 
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Consist of variables from the general algorithm 

and additional variables such as type of mixing 

system (enclosed or open), tractor with 

enclosed cab, frequency of washing equipment, 

frequency of replacing old gloves, personal 

hygiene and changing clothes after the spill 

 

The variables consist of PPE use, personal hygienic behaviour, 

annual frequency behaviour, the annual frequency of re-entry 

work and duration of employment 

Algorithm equation  General algorithm intensity level = (Mix+ Appl + 

Repair) X PPE 

 

Detailed algorithm intensity level = [(Mix x Enclosed) 

+ (Appl x Cab) + Repair + Wash] X PPE X Repl X Hyg 

X Spill 

 

Definition 

 

Mixing = Mixing status 

Appli = Application method 

Repair = Repair equipment status 

PPE = Personal protective equipment use 

Enclosed = Using enclosed mixing system 

Cab = Tractor with enclosed cab and/or charcoal filter 

Wash = Status of washing pesticide equipment after 

application 

Repl = Replacement old gloves 

Hyg = Personal hygiene 

Spill = Changing clothes after a spill 

Cumulative applicator = [(Appli method X Appli type) + (Mix X 

Enclosed) + Wash] X (Amount pesticide used per 

application/applicator) X (PPE X Repl) X (Hyg) X (Appli days per 

year) X (Durat) 

 

Definition 

 

Appli method= Application method 

Appli type = Either indoor /outdoor application 

Mixing = Mixing status 

Enclosed = Using enclosed mixing system 

Wash = Cleaning of spraying equipment 

PPE = Use PPE 

Repl = Replacement of PPE 

Hyg = Hygienic measures 

Appli days per year = Application days per year 

Durat = Duration of employment 

 

  

Weight factors  Based on published pesticide exposure literature and 

professional judgment 

Based on published literature or based on expert judgements and 

modifications were made provided the different farming system in 

Ethiopia 
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Advantages   

1) The algorithm is based on updated algorithm 

that has been revised based on two exposure monitoring 

studies 

2) The weighting factors for the revised algorithm 

now incorporates exposure measurements taken of 

Agricultural Health Study (AHS) participants for the 

application methods and their reported use of personal 

protective equipment (PPE) 

3) Based on an extensive review of the world’s 

literature and the use of the Pesticide Handlers 

Exposure Database (PHED) which included many 

different chemicals 

4) Suitable for large scale cohort studies  

5) Useful for looking at chronic and single 

exposures 

 

1) Two specific semi-quantitative exposure algorithms for 

pesticides applicators and re-entry workers were developed. 

2) Suitable for three distinctly different farming systems [small-

scale irrigated, large-scale greenhouses (LSGH), and large-scale open 

(LSO)] 

Disadvantages   

1) The algorithm is based on America style of 

farming   

 

 

1) There is no biomonitoring validation 
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Table 1.9: Information obtained in the inventory part 

 

Section Data obtained on 

Department  Information about the observer and general questions on department such as main 

activity and cleaning activities 

Agent  Characteristics of chemical agent which include the concentration of an active 

ingredient, physical state, boiling temperature, viscosity and stickiness 

Job title  Number of workers with this job title and hygiene behaviour questions such as 

cloths hygiene, hand hygiene, and shower behaviour 

Task  Information about task done such as duration, frequency and number of workers 

Dermal 

exposure  

Potential and actual exposure based on information from emission, transfer, and 

deposition of agent 

 

Adapted from (120) 

 

department, agent, job title, task and dermal exposure. The questionnaire is completed 

by the person who observes the task (Table 1.9) (120). 

 

             The evaluation part is based on variables from the inventory part and 33 

variables are included to estimate potential exposure and actual dermal exposure for 

nine different body parts which include head, upper arms, lower arms, hands, torso 

front, torso back, lower body part, lower legs and feet. Each answer in both parts 

coincides with a pre-assigned value such as 0, 0.3,1,3 and 10 that is further put into 

the algorithm and resulting in a semi-quantitative estimation of pesticide exposure. 

The total DREAM score is divided into six categories from very low (0-9.9 DU), low 

(10-29.99 DU), moderate exposure (30.99-99.99 DU), high (100-299.99 DU), very 

high (300-999.99 DU) and extremely high exposure (>1000 DU) (120). 

 

Potential dermal exposure (Skin-PTASK.BP) is the amount of exposure on 

clothing and uncovered skin that is estimated based on the sum of nine body parts in 

three different exposure routes; emission (EBP), deposition (DBP) and transfer (TBP) 

(Equation 1.1). 

 

Eq.1.1: Skin-PTASK.BP = 9 body parts (EBP + DBP + TBP) 

 

The exposure route estimates are the product of multiplying probability (P), 

intensity of each route (I), estimates of intrinsic emission properties of the substance 

(EI), and exposure route factor for each body part (ER) (Equation 1.2). 
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           Eq.1.2.1: EBP = PBP. IBP. EI. ERE 

                Eq.1.2.2: DBP = PBP. IBP. EI. ERD 

           Eq.1.2.3: TBP= PBP. IBP. EI. ERT 

 

 

Probability (P) is a frequency of agent transport on clothing and uncovered 

skin and can be divided into; (i) unlikely (< 1% of task duration), (ii) occasionally (1-

10% of task duration), (iii) repeatedly (10-50% of task duration), and (iv) almost 

constantly (>50% of task duration). Intensity (I) is the amount of agent transport on 

clothing and uncovered skin and can be divided into; (i) small amount (<10% of the 

body part), (ii) medium amount (10-50% of the body part), and (iii) large amount 

(>50% of the body part). 

 

The ER weight due to emission (ERE) is 3 and that due to deposition (ERD) and 

transfer (ERT) is 1. Intrinsic emission (EI) is calculated based on the multiplying of 

physical state (PS) of substance concentration (C), formulation (F), dustiness (DU), 

stickiness (SS), evaporation (EV), and viscosity (V). Solid, liquid and vapour have 

different formulation (Equation 1.3).  

 

Eq.1.3.1: EI(SOLID) = PS. C. F. DU. SS 

Eq.1.3.2: EI(LIQUID) = PS. C. EV 

Eq.1.3.3: EI(VAPOUR) = PS. C 

 

Actual dermal exposure (Skin-ATASK.BP) is the amount of exposure on skin 

calculated by multiplying potential exposure (Skin-PTASK.BP) with the protection factor 

for nine body parts. The protection factor of the other eight body part (OBP) is 

calculating based on multiplying a factor representing material covering skin (M), 

protecting factor of clothing materials (PFMBP) and replacement frequency of clothing 

(RF) (Equation 1.4). 

 

Eq.1.4: OBP= M.PFMBP.RF 

 

The material (M) is divided into; (i) woven, (ii) non-woven, and (iii) non-

permeable, and replacement frequency (RF) is divided into used (i) once, (ii) daily, 
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(iii) weekly, and (iv) monthly, respectively. The protection factor of clothing materials 

for other body parts (PFMBP) is 0.3. Meanwhile, the protection factor of hand (OHA) is 

calculated similarly to OBP with additional factors for glove connecting well to the 

clothing or arms (GC), percentage of task duration that gloves are being worn (GD), 

the second pair of gloves under outer-gloves (UG) with replacement frequency (URF) 

and use of barrier cream (BC) (Equation 1.5).  

 

Eq.1.5: OHA= M.PFMHA.RF.GC.GD.UG.URF.BC 

 

The M and RF are similar to OBP and for GC, UG, and BC, the answer either 

yes or no. The percentage of GD is divided into; (i) 0-25% of task duration, (ii) 25-99 

of task duration, and (iii) 100% of task duration, and URF is divided into; (i) daily, (ii) 

weekly, and (iii) monthly.  

 

1.6 HEALTH EFFECTS OF PESTICIDES ON HUMAN HEALTH  

 

The use of pesticides has given many benefits such as increased agricultural yields 

and protection of the harvests. At the same time, pesticide application can also result 

in adverse health effects on the workers and impact on the environment of the 

surrounding area (124). According to the WHO, there are at least three million 

incidents of pesticide poisoning worldwide and about 30000 people are killed (7). 

Although a policy for banned certain highly toxic was implement in Malaysia starting 

from 2006, pesticide poisoning incidents still reported in an average incidence rate of 

3.8 per 100 000 populations and increasing in trend (125). 

 

 Health effects of pesticides may be classified as acute or chronic based on the 

period it takes for symptoms of toxicity to develop. However, this study is more 

focused on acute health effects.  

 

1.6.1 Acute health effects of pesticide exposure  

 

The acute health effect of a pesticide sometimes calls acute pesticide poisoning (APP) 

refers to its ability to cause harmful effects or illness by any route of entry from 
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suspected or confirmed exposure within 48 hours (126). Clinical presentation due to 

pesticide exposure can vary significantly due to a broad range of pesticides and 

toxicities. This includes respiratory, cardiovascular, gastrointestinal, neurotoxic, 

nephrotoxic, ocular and dermal. In general, the symptoms from acute pesticide 

exposure can be divided into three main groups which are mild, moderate, and severe 

(127). Table 1.10 shows the symptoms that might indicate pesticide poisoning. 

 

The symptoms of pesticide exposure depend on the mode of action of every 

pesticide. OPs are among the pesticides that documented associated with acute health 

effects (128). Acute exposure to OPs causes inhibition of AChE in the brain, 

neuromuscular junction and peripheral nerves. This is characterised by central nervous 

system (CNS) effects and muscarinic and nicotinic effects in the periphery nervous 

system (PNS). The toxic effects of OPs are associated mainly with short-term 

exposures to high concentrations of pesticide during the manufacture, formulation, 

mixing and application of these chemicals. In these cases, death may occur from 

respiratory failure due to the paralysis of respiratory muscles, increased bronchial 

secretions and depression of the respiratory centre in the brain. 

 

Table 1.10: General symptoms that might indicate pesticide poisoning 
 

Mild symptoms Moderate symptoms Severe symptoms 

Any of the following 

• Irritation of the nose 

and throat 

• Loss of appetite 

• Nausea 

• Diarrhea 

• Headache 

• Dizziness 

• Change in mood 

• Insomnia 

• Weakness or fatigue 

• Restlessness 

• Nervousness 

• Increased thirst 

• Irritation of the eyes 

• Irritation of the skin 

• Excessive sweating 

Any of the mild symptoms, plus 

any of the following 

• Excessive salivation 

• Coughing 

• Sore throat 

• Palpitation 

• Trembling 

• Vomiting 

• Abdominal cramps 

• Muscular 

incoordination 

• Mental confusion 

• Blurring of vision 

 

 

Any of the mild or moderate symptoms, 

plus any of the following 

• Inability to breathe 

• Extra mucous in the airways 

• Increase breathing rate 

• Unconsciousness 

• Death 

• Small or pinpoint pupils 

 

Adapted from (127) 

 

1.6.1.1 Acute symptoms reported by the farmers in developing countries and also 

Malaysia following pesticide exposure 
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Many studies have been conducted in developing countries about acute health 

problems and pesticide exposure. Thus, a systematic review was undertaken to gather 

the published evidence on acute symptoms following pesticide exposure in developing 

countries. 

 

1.6.1.2 Search Strategy, inclusion and exclusion criteria for identification of 

studies  

 

This review was reported in accordance with the 2009 Preferred Reporting Items for 

Systematic Reviews and Meta-analysis (PRISMA) guidelines (129). The search 

strategic for this review combined electronic searched and hand searching. For 

electronic search, a review of papers published between 2010 and 2020 was carried 

out by using PubMeb. For hand searching, cross-referencing of review papers and 

research were also screened manually to identify further potentially relevant citations. 

The following medical subject headings (MeSH) and keywords were used; “acute” 

AND “Pesticide OR fungicide OR insecticide OR rodenticide” AND “health” AND 

and “poisoning”. The inclusion criteria considered for further review included; (a) the 

population of interest was occupationally exposed, (b) the outcome was acute health 

effects or acute pesticide poisoning, (c) studies published in English, (d) all type of 

observational studies, (e) studies conducted in developing countries, and (f) only full 

text articles. The excluded studies including; (a) a conference abstract, (b) chapters of 

a book, and (c) in vitro and animal studies. The main author did the search and 

screened all the titles and abstract and retrieved the full text of any articles. Then, the 

full articles were reviewed.  

 

1.6.1.3 Quality assessment and data collection and analysis  

 

The methodological quality assessment of each study was assessed by the Newcastle 

Ottawa Scale (NOS). This NOS was chosen because it is an easy and convenient tool 

to use for quality assessment of non-randomised studies. According to the NOS scale, 

the star system was used to assess the quality of a study in three domains; (a) selection 

of participants (maximum 5 stars), (b) comparability (maximum 2 stars), and (c) 

outcome (maximum 3 stars). The maximum star was 10 and the evidence was 

classified based on four categories; (a) very good (9-10 points), (b) good (7-8 points), 
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(c) satisfactory (5-6 points), and (d) unsatisfactory (0-4 points) (130). The articles 

were summarised using the following information author, country of the study and 

year of publication, sample size, population, type of pesticide, exposure and outcome 

measure and findings. 

 

1.6.1.4 Results  

 

The PRISMA flow chart (Figure 1.10) depicts the number of published articles and 

theses screened at each stage into the review. The search of PubMed identified 1205 

records with 1186 articles remaining after the removal of duplicates. Of these, 1134 

articles were excluded after screening the titles and then abstract because these studies 

did not meet the selection criteria. Out of 52 retrieved articles, 36 studies were 

excluded after full text review because they were did not have a relevant study 

population and health outcome (n=21) and were conducted in developed countries 

(n=15). Thus, 16 studies were identified as eligible to be included in this review.  

 

Table 1.11 provides details about the quality of nonrandomized studies based 

on the NOS. The methodological quality of study designs was satisfactory to good 

overall. Only four studies justified and calculated the sample size. None of the studies 

ascertained exposure by using more reliable methods to assess the exposure. All of the 

studies clearly provided non-respondents and statistical test to analyse the data. 

 

Of the 16 published papers, all the identified studies were cross-sectional in 

nature and five studies used a comparative cross-sectional study design, where the 

farmers who exposed to pesticide compared with unexposed group, which not exposed 

to pesticide. The population of included studies were largely from farming areas. Most 

of the included studies were conducted in Asia; Malaysia (n=5) (44,62,131–133), 

Nepal (n=2) (10,134), Thailand (n=2) (8,9), Bangladesh (n=1) (135), Cambodia (n=1) 

(109) and China (n=1) (136), South America; Argentina (n=1) (137), Caribbean; 

Dominican Republic (n=1) (138) and Africa, Tanzania (n=1) (139) and Palestine 

(n=1) (140). Six studies had a sample size less than 100 (8,44,109,133,135,138) and 

the sample size for the remaining studies were between 101 to 999  
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(9,10,62,131,134,136,137,139,140) except in one study where the sample size was 

more than 1000 (132).   

 

 
 

Figure 1.10: PRISMA flowchart of included studies 

 

Table 1.12 shows a summary of 16 studies that investigated acute health 

effects and pesticide exposure. The details of these studies were extracted into six 

primary elements, which included; (a) author, (b) country and year, (c) study design 

and sample size, (d) study population, (e) type of pesticide, (f) outcome measure, (g) 

type of exposure, and (h) exposure measure. All of the studies used a self-reported 

questionnaire and with a focus on general acute pesticide poisoning symptoms as an 

outcome except for one study which focussed on respiratory (44) and neurology 

symptoms (139). Four studies reported the number of symptoms as being less than 10  

(131–133,137), eight studies reported number of symptoms between 10 to 30 (8–

10,62,109,140) and one study reported 66 symptoms (136). One study did not mention 

the number of symptoms (135). There were no studies that used actual clinical 

diagnoses based on hospital records or from doctors. The majority of the studies did 

not specify types of pesticides except three studies that focused on insecticides and 
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herbicides (8,44,132). This systematic review found methodological variations across 

the type of exposure assessment. Nine studies measured the exposure by using a self-

reported questionnaire only (109,131,132,134–138,140). Three of these studies 

collected data on exposure through self-reported questionnaire and blood AChE levels 

(9,10,139) and four remaining studies used either self-reported questionnaire and 

personal air monitoring (n=1) (44), self-reported questionnaire, blood AChE and 

personal sampling by using wipe sample for OPs (n=1) (8) or self-reported followed 

questionnaire and buccal cell (n=1) (133) or DREAM questionnaire, personal air 

sampling and liver enzyme levels (n=1) (62). Nine of the studies used past exposure, 

where the pesticide exposure from previous spraying event 

(10,109,131,132,134,135,137,138,140) and seven studies used more recent exposure, 

where the pesticide exposure from current spraying event (8,9,44,62,133,136,139). 

 

The study outcome which includes the prevalence of acute health symptoms 

and associations between acute health and pesticide exposure for each study are 

summarized in Table 1.13. It should be noted that few studies provided details on the 

definition of acute symptoms and how they classified to have acute symptoms. Five 

studies reported the overall prevalence of acute health effect (8,109,131,134,136). The 

range prevalence of acute health symptoms was between 8.8% to 88.0%. Among five 

comparative studies, the most common symptom among farmers who exposed to 

pesticide were numbness which reported in three studies and the prevalence ranging 

from 41.2% to 59.0% (9,62,133), eye irritation (reported in three studies) with the 

prevalence range from 29.1% to 43.6%  (9,62,133) and excessive tiredness (reported 

in two studies) with the prevalence of 52.2% and 76.0% (10)(138). The most common 

symptoms among unexposed group were headache with prevalence between 33.3% 

and 78.0% (8,133,138), sleep disturbance with prevalence of 21.4% and 58.0% 

(62,138) and numbness with prevalence between 38.5% and 45.7% which reported in 

two studies (9)(62). One study reported neurology symptoms only in two groups of 

farmers (139). 

 

Among studies which reported among farmers who exposed to pesticide, the 

most common neurological symptoms among flower farmers were excessive sweating 

(46.4%), body weakness (34.5%) and abnormal tiredness (28.6%) and the most 
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common neurological symptoms among onion farmers were body weakness (91.1%), 

body pain (64.3%) and headache (58.9%) (139). One study reported respiratory 

symptoms only where the most common symptoms were cough (41.0%), phlegm 

(39.8%) and wheezing (18.1%) (44). Among those non comparative studies, the most 

common symptoms were headache (reported in seven studies) with the range of 

prevalence between 18.0% to 55.1% (8,132,134,135,137,139,140), followed by skin 

irritation (reported in three studies) with the range of prevalence between 11.6% to 

62.0% (136,137,140) and dizziness (reported on three studies) with the range of 

prevalence between 27.8% to 80.7% (8,131,134).  

 

Four studies did not report an association in their studies which include two 

comparative studies (132,134,135,139). All of the comparative studies who report an 

association showed an association between pesticide exposure and health symptoms. 

Three out of four studies reported the level of AChE was lower in farmers who 

exposed to pesticide (n=2) (8,9) and self-reported health symptoms (n=1) (10). One 

study that used bucall cell shows that the frequency of cytogenetic damage was found 

significantly higher among farmers as compared to unexposed. 

 

1.6.1.5 Discussion 

 

This systematic review revealed that the prevalence of acute symptom following 

pesticide exposure varied between studies and ranged from 50%-80%. The definition 

of APP is an essential aspect of health-related outcomes. The criteria used by different 

studies to diagnose APP were widely heterogeneous. Thus, the prevalence of APP 

varies between studies and might be over or underestimated. It should be noted that 

few studies provided details on the definition of acute symptoms and how the authors 

classified to have acute symptoms. Therefore, to minimize heterogeneity, it is 

recommended to restrict the definition by only using classification based on WHO 

guidelines which is any illness or health effects resulting from suspected or confirmed 

exposure to pesticide within 48 hours (126). This is to ensure consistency among the 

studies. 
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Table 1.11: The NOS for assessing the quality of nonrandomised studies  

 

 

 

Author 

 

Selection (Maximum 5 stars) 

Comparability 

(Maximum 2 

stars) 

 

Outcome (Maximum 3 stars) 

 

 

Total 

Representiveness 

of the sample 

Sample 

size 

Ascertainment 

of exposure 

Non-

respondents 

Outcome 

measure 

Assessment of 

outcome 

Statistical 

analysis 

Hutter et al (138) * 

 

 * ** * * 7 

Mwabulambo et al (139) * 

  

* ** ** * 7 

Khan et al (131) * * 

 

* ** * * 7 

Hamsan et al (44) * * 

 

* ** * * 7 

Ali et al (132) * * 

 

* * * * 6 

Nganchamung et al (8) * 

  

* ** ** * 7 

Hamid et al (133) * 

 

 * ** ** * 7 

Sumon  et al (135) * 

   

** * * 5 

Gayatri  et al (134) * 

  

* * * * 5 

Butinof  et al (137) * 

  

* * * * 5 

Sapbamrer  et al (9) * 

 

 * ** ** * 7 

Neupane  et al (10) * *  * ** ** * 8 

Zhang et al (136) * 

  

* ** ** * 7 

Jensen  et al (109) * 

  

* ** * * 6 

Zyoud  et al (140) * 

  

* ** * * 6 

Baharuddin et al (62) * 

 

 * ** ** * 7 
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Table 1.12: Studies on acute health effects and pesticide exposure in developing countries 

 
Author Country, 

year 

Study design, sample 

size 

Study population Type of pesticide  Outcome measure  Type of exposure  Exposure measure 

Hutter et al (138) Dominican 

Republic, 

2018  

A comparative cross-

sectional study, 38 

exposed and 33 
unexposed 

Exposed –  

Farmers who used pesticide 

 
Unexposed -   

The organic farmers 

General pesticide  Self-reported 

outcome 

(Questionnaire) 
19 health 

symptoms  

Past exposure  Self-reported 

exposure 

(Questionnaire) 

Mwabulambo et al 
(139) 

Tanzania, 
2018  

Cross-sectional study, 
140 farmers (84 flower 

farmers and 56 onion 

farmers)  

Farmers  General pesticide  Self-reported 
outcome 

(Questionnaire) 

16 neurological 
symptoms  

More recent exposure  Self-reported 
exposure 

(Questionnaire) 

and blood AChE 

Khan et al (131) Malaysia, 

2018 

Cross-sectional study, 

270 palm oil workers 

Palm oil workers General pesticide  Self-reported 

outcome 

(Questionnaire) 
8 health 

symptoms  

Past exposure  Self-reported 

exposure 

(Questionnaire) 

Hamsan et al (44) Malaysia, 

2018 

Cross-sectional study, 83 

farmers  

Farmers 13 type of pesticides (azoxystrobin, 

buprofezin, chlorantraniliprole, 

difenoconazole, fipronil, imidacloprid, 

isoprothiolane, pretilachlor, 
propiconazole, pymetrozine, 

tebuconazole, tricyclazole and 

trifloxystrobin) 

Self-reported 

outcome 

(Questionnaire) 

 
7 respiratory 

symptoms 

More recent exposure  Self-reported 

exposure 

(Questionnaire) 

and personal air 
sampling  

Ali et al (132) Malaysia, 
2018 

Cross-sectional study, 
1040 farmers 

Farmers Aminsta 505 and Karate Self-reported 
outcome 

(Questionnaire) 

 
3 health 

symptoms  

Past exposure Self-reported 
exposure 

(Questionnaire) 

Nganchamung et al 
(8) 

Thailand, 
2017  

Cross-sectional study, 90 
farmers 

Farmers  Organophosphate Self-reported 
outcome 

(Questionnaire) 

 
20 health 

symptoms 

More recent exposure Self-reported 
exposure 

(Questionnaire), 

blood AChE and 
hand wipe sample 

for 

organophosphate 
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Hamid et al (133) Malaysia, 
2016 

A comparative cross-
sectional study, 39 

exposed and 30 

unexposed 

Exposed -  
Farmers who exposed to 

pesticide 

 
Unexposed - 

Staff at the research centre who 

not exposed to pesticide 
 

 

General pesticide  Self-reported 
outcome 

(Questionnaire) 

 
8 health 

symptoms  

More recent exposure Self-reported 
exposure 

(Questionnaire) 

and buccal cell 
epithelium to 

check for 

cytogenetic 
damage   

Sumon et al (135)  Bangladesh, 

2016,  

Cross-sectional study, 30 

farmers  

Farmers General pesticide  Self-reported 

outcome 
(Questionnaire) 

 

Health symptoms 
(Not mention how 

many)  

Past exposure Self-reported 

exposure 
(Questionnaire) 

Gayatri et al (134) Nepal, 2014 Cross-sectional study, 
125 farmers  

Farmers General pesticide  Self-reported 
outcome 

(Questionnaire) 

 
12 health 

symptoms  

Past exposure Self-reported 
exposure 

(Questionnaire) 

Butinof et al (137) Argentina, 
2015 

Cross-sectional study, 
837 farmers  

Farmers General pesticide  Self-reported 
outcome 

(Questionnaire) 

 
8 health 

symptoms  

Past exposure Self-reported 
exposure 

(Questionnaire) 

Sapbamrer et al (9) Thailand, 

2014 

A comparative cross-

sectional survey, 182 
exposed and 122 

unexposed 

Exposed –  

Farmers who occupational 
exposed to pesticide  

 

Unexposed –  
The general population who 

non occupationally exposed  

General pesticide  Self-reported 

outcome 
(Questionnaire) 

 

19 health 
symptoms  

More recent exposure Self-reported 

exposure 
(Questionnaire) 

and blood AChE  

Neupane et al (10) Nepal, 2014 A comparative cross-

sectional study, 90 

exposed and 90 

unexposed 

Exposed - 

 Vegetable farmers who used 

pesticide 

 
Unexposed -  

Blood donors 

General pesticide  Self-reported 

outcome 

(Questionnaire) 

 
17 health 

symptoms  

Past exposure Self-reported 

exposure 

(Questionnaire) 

and blood AChE 
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Zhang et al (136) China, 2011 Cross-sectional study, 
910 farmers 

Farmers  General pesticide  Self-reported 
outcome 

(Questionnaire) 

 
66 health 

symptoms and 

grouped into 
seven groups such 

as general 

symptoms, skin, 
nervous system, 

gastrointestinal 

tract, respiratory 
system, eyes and 

cardiovascular 

system  

More recent exposure Self-reported 
exposure 

(Questionnaire) 

Jensen et al (109) Cambodia, 

2010  

Cross-sectional study, 89 

farmers  

Farmers General pesticide  Self-reported 

outcome 

(Questionnaire) 
 

27 health 

symptoms  

Past exposure Self-reported 

exposure 

(Questionnaire) 

Zyoud et al (140) Palestine, 
2010  

Cross-sectional study, 
381 farmers 

Farmers General pesticide  Self-reported 
outcome 

(Questionnaire) 

 
15 health 

symptoms  

Past exposure Self-reported 
exposure 

(Questionnaire) 

Baharuddin et al (62) Malaysia, 
2010 

A comparative cross-
sectional study, 140 

exposed and 80 

unexposed 

Exposed –  
Farmers who exposed to 

pesticide 

 
Unexposed –  

Office workers who not 

exposed to pesticide 

2,4-D and paraquat Self-reported 
outcome 

(Questionnaire) 

 
13 health 

symptoms  

More recent exposure DREAM 
questionnaire, 

personal air 

sampling and liver 
enzyme  
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Among the included studies, various health outcomes were identified               

including respiratory, neurology, dermatology, eye, gastrointestinal, cardiovascular 

systems. The most common symptoms were headache (reported in 8 studies), 

followed by skin rashes (n=6) and dizziness (n=5). From this comparative analysis, it 

was found that the self-reported questionnaire was the main exposure assessment 

method used (reported in fifteen studies) followed by biological monitoring such as 

blood AChE activity (reported in four studies), buccal cell epithelium to measure 

cytogenetic  damage  (reported in one study) and liver enzyme to measure potential 

liver disease (reported in one study), semi-quantitate measurement (DREAM 

questionnaire) (reported in one study) and  personal sampling by using wipe sample 

for OPs (reported in two studies). The diversity in the symptoms and method used for 

measuring the exposure makes it difficult to compare the association across studies. 

Hence, crude comparison needs to be use by comparing groups based upon subjective 

(ie questionnaire) and more objective forms of exposure assessment (ie biological 

monitoring). 

 

Most of the significant findings were not adjusted for potential confounders.  

All of the studies used self-reported questionnaire to obtain information on health 

outcomes. The use of questionnaires is prone to information or misclassification bias 

due to under or over reporting of health symptoms. Publication bias is also possible 

which the authors more interested to published papers with positive results concealed 

the papers with negative results.  

 

This review has several strengths. This review builds from validated systematic 

methodology and has relied on recently published articles (last 10 years). This study 

only focussed on developing countries where this study is going to be conducted. The 

study population in developing countries might be different from those in developed 

countries such as South Korea, Japan, UK or USA and also they may not necessary 

follow the same practice as in developed countries. Additionally, this study focused 

specifically on occupationally exposed populations.  

 

Despite its several strengths, this review had several limitations as well. The 

limitation of this systematic review is to have used only PubMed as a database for  
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Table 1.13: The prevalence of acute health symptoms and associations between acute health and pesticide exposure across studies 

 
Author Study outcome 

Prevalence Associations 

Hutter et al (138) The most common symptoms among farmers who exposed to 

pesticide were runny nose (78%), headache (77%) and strong 

tiredness (76%) 

 

The most common symptoms among unexposed group were 

headache (78%), sleeplessness (58%) and runny nose (52%) 

The symptoms such as dizziness, excessive salivation, excessive 

tiredness, stomachache, irregular heartbeat, skin rashes (all p<0.01), 

difficulty in breathing (p<0.02), runny nose (p<0.05) and watering eyes 

(p<0.05) were significantly more common in farmers who exposed to 

pesticide than unexposed group. 

 

Mwabulambo et al (139) The most common neurological symptoms among flower farmers 

were excessive sweating (46.4%), body weakness (34.5%) and 

abnormal tiredness (28.6%) 

 

The most common neurological symptoms among onion farmers 

were body weakness (91.1%), body pain (64.3%) and headache 

(58.9%)  

There were no significant associations between all self-reported 

symptoms and level of AChE among farmers 

 

 

Khan et al (131) The prevalence with mild symptoms was 64.4%, the moderate 

symptom was 35.6% and nobody had severe symptoms 

 

The most common symptoms among farmers who exposed to 

pesticide were diarrhoea (97.4%), vomiting (90%), and dizziness 

(80.7%) 

The severity of symptoms was associated with lesser income, lower 

education, shorter duration of spraying, untrained worker and non-use 

of PPE (all p value <0.01) 

 

Hamsan et al (44) The most common respiratory symptoms among farmers who 

exposed to pesticide were cough (41%), phlegm (39.8%) and 

wheezing (18.1%) 

 

There was a significant association between isoprothiolane and chest 

pain (p=0.02) 

 

However, no other significant association between pesticide exposure 

and respiratory symptom 

Ali et al (132) Among those farmers who reported having headache, 59.6% used 

karate and 28.2% used Aminsta 505 

 

Among those farmers who reported having body weakness, 33.7% 

used karate and Aminsta 505 
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Among those farmers who reported having sleepy, 28.4% used karate 

and 71.4% used Aminsta 505 

 

No prevalence data was reported 

Nganchamung  et al (8) The prevalence of acute health symptoms among farmers who 

exposed to pesticide during 48 hours after applying pesticide was 

50% 

 

The most common symptoms among farmers who exposed to 

pesticide were headache (31.1%), dizziness (27.8%) and fatigue and 

body weakness (22.8%) 

AChE was inversely associated with dizziness (p<0.01), headache 

(p<0.01), fatigue (p<0.01), skin itchiness (p<0.01), nausea and 

vomiting (p<0.01), skin rashes (p=0.03) and cough (p=0.04) 

Hamid et al. (133) The most common symptoms among farmers who exposed to 

pesticide were numbness (59%), blurring of vision (56.4%), and eye 

irritation (43.6%) 

 

The most common symptoms among unexposed were headache 

(33.3%), blurring of vision (33.3%), and eye irritation (23.3%) 

The frequency of cytogenetic damage was found significantly higher 

(p<0.01) among farmers as compared to control 

Sumon et al (135) The most common symptoms following pesticide exposure among 

farmers were vomiting (51%), headache (18%), and eye irritation 

(12%) 

 

Gayatri  et al (134) The prevalence of acute symptoms among farmers who exposed to 

pesticide was 67.2% 

 

The most common symptoms among farmers who exposed to 

pesticide were skin irritation (62%), headache (55%) and respiratory 

difficulties (29.6%) 

 

Butinof  et al (137) The most common symptoms following pesticide exposure were skin 

irritation (47.4%), headache (40.4%) and easily fatigue (35.5%)  

Marital status, length of time in the job, incomplete PPE use, combines 

the use of pesticide, and application of the insecticide were significantly 

associated with symptoms 

Sapbamrer  et al (9)  The most common symptoms among farmers who exposed to 

pesticide were eye irritation (42.9%), anxiety (42.9%) and numbness 

(41.2%) 

 

The most common symptoms among unexposed were numbness 

(38.5%), anxiety (36.9%), and eye irritation (33.6%) 

Farmers had a significantly lower median AChE activity than controls 

(p=0.03) 

 

The prevalence of difficulty in breathing and chest pain was 

significantly higher in farmers than in control (p <0.01 and p <0.05, 

respectively) 
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Neupane  et al (10)  The most common symptoms among farmers who exposed to 

pesticide were blurred vision (55.6%). extreme tiredness (52.2%) and 

excessive sweating (47.7%) 

 

The most common symptoms among exposed were excessive 

tiredness (22.2%), excessive sweating (18.9%), and skin allergic 

(18.9%) 

 

The acute health symptoms were significantly more common in farmers 

who exposed to pesticide than unexposed group. 

 

The level of blood AChE was significantly lower among farmers who 

exposed to pesticide than control (p<0.01). 

 

The factors associated with acute symptoms were toxic pesticides, poor 

PPE use, and poor hygiene practices 

Zhang  et al (136) The prevalence of acute pesticide poisoning among farmers who 

exposed to pesticide was 8.8% 

 

The most common symptoms among farmers who exposed to 

pesticide were dermal (11.6%) and nervous system (10.7%). 

There were associations between acute symptoms and use of PPE 

(p=0.01), equipment leakage (p<0.01), safety knowledge (p<0.01) and 

work when sick (p<0.01) 

Jensen et al (109) The prevalence of acute symptoms among farmers who exposed to 

pesticide was 88% 

 

The most common symptoms among farmers who exposed to 

pesticide were dry throat (68.5%), dizziness (57.3%) and headache 

(55.1%)  

The acute health symptoms were associated with duration of spraying 

(p<0.01), education level (p=0.03) and PPE use (p<0.05)  

Zyoud et al (140) The most common symptoms among farmers who exposed to 

pesticide were skin rash (37.5%), headache (37%) and excessive 

sweating (24.9%) 

There was a negative association between self-reported symptoms and 

use of PPE (p <0.01) 

Baharuddin  et al (62) The most common symptoms among farmers who exposed to 

pesticide were numbness (50.7%), sleep disturbance (30.5%) and eye 

itchiness (29.1%) 

 

The most common symptoms among unexposed were numbness 

(45.7%), sleep disturbance (21.4%), and reddish face (15.9%) 

 

The liver enzyme (ALT and GGT) in the exposed group was higher 

than on the control group (p<0.05) 

 

The reported symptoms such as nausea, excessive sweating, imprecise 

movement, numbness (all p<0.01), reddish face (p=0.01) and skin 

itchiness (p=0.03) were significantly more common in farmers who 

exposed to pesticide than unexposed group. 
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bibliographic research. Meta-analysis was not possible due to heterogeneity across 

results of studies of the descriptions such as sampling criteria, study design and 

assessment of outcome and exposure. Two studies were omitted because the full paper 

could not be obtained. If it were able to assess full paper, this will provide additional 

value to the overall review.  

 

The majority of the reviewed studies used a cross-sectional study design. 

Hence, it provides insufficient evidence to infer a causal relationship of pesticide 

exposure with acute health effects. The reviewed studies were also limited by small 

sample size. This may give a weaker association and loses power to detect the 

associations. 

 

1.6.1.6  Conclusion  

 

In conclusion, this review provides that the symptoms of acute health problems due to 

pesticides were diverse. Besides, it involved multiple systems, rarely pathognomonic 

and can resemble conjunctivitis, dermatitis, respiratory infection and also 

gastrointestinal illness. Hence, the findings should be interpreted with caution. This 

finding provides new insights on the importance of investigating the associations 

between pesticide exposure and occupationally exposed populations.  Further detailed 

work is needed to better characterise these associations and high-quality studies such 

as cohort studies are needed to substantiate to what extent pesticide exposure can lead 

to acute health problems.  

 

1.7 RESEARCH AIMS AND OBJECTIVES  

 

The overall aims for this study were to assess the exposure of pesticides and 

investigate the potential effects of pesticides on the acute ill-health on the farmers in 

Malaysia. In keeping with the aims, the general objectives of this study were:  

 

a) To describe the demographic, working practices during previous spraying 

sessions and pesticide exposure among the farmers and determinants of this 

exposure 
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b) To determine the knowledge and practice of pesticide use among the farmers 

and determinants of the knowledge and practice of pesticide use 

c) To determine the associations of PPE use and demographics and working 

practices and pesticide exposure  

d) To investigate the nature of ill-health and its associations with demographic 

factors, working practices and pesticide exposure among farmers 

e) To investigate the nature and determinants of acute health symptoms reported 

among farmers following pesticide spraying 

 

1.8 THESIS STRUCTURE  

 

This thesis was organised into eight chapters consisting of the following key 

components; 

 

Chapter 1: Introduction and literature review  

 

It begins with an introduction to the definition and classification of pesticides. This is 

followed by a description of the agriculture system and pesticide use in Malaysia. 

Routes of pesticide exposure, exposure assessment of pesticide, which includes 

determinants and method to assess pesticide exposure, are also discussed. Next, the 

acute health effects of pesticides on human health are also discussed. Finally, aims 

and objectives and thesis structure are presented.  

 

Chapter 2: Methods for pilot and main study  

 

This chapter describes the methods used during the pilot and main study, outlining the 

study design, location and participants. This is followed by ethical approval, study 

recruitment and study participations and details about the data collection instruments, 

statistical analysis, as well as sample size calculation. The chapter ended with an 

operational definition of variables.  

 

 

 



42 

   

 

Chapter 3:  Exposure to pesticides and health effects among farmers in two areas  

         in Malaysia- A pilot study 

 

This chapter will discuss the feasibility of conducting this study in Malaysia. This 

chapter describes the results of the pilot study and how well the study protocol worked 

for the pilot study and identified modifications needed for use in the main study.  

 

Chapter 4:  Demographic, working practices, pesticide exposure and health 

status of farmers- The main study 

 

This chapter describes the demographic, working practices during the previous 

spraying week, pesticide use during the first day of the current spraying week among 

farmers in Kelantan state, Malaysia. This is followed by the data on general health, 

somatic and screen positive neuropsychiatric symptoms. This chapter also include the 

exposure assessment methods used on this study which include pesticide exposure 

intensity algorithm, DREAM questionnaire and urine metabolites. This is followed by 

association between pesticide exposure and associated factors. This chapter ended 

with data on general health, somatic and screen positive neuropsychiatric symptoms 

and its associated factors. 

 

Chapter 5: Knowledge and practice of pesticide use among farmers and 

associated factor for knowledge, practice and PPE use 

 

This chapter discusses the knowledge and practice of pesticide use and associated 

factors. Besides, the associations for PPE use among farmers will be presented.  

 

 

Chapter 6: Self-reported acute health symptoms during a week following 

spraying 

 

This chapter will present data self-reported acute health symptoms during a week of 

current spraying week and its associated factors.  
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Chapter 7: Overall discussion  

 

This chapter concludes the entire thesis with overall discussions based on specific 

objectives. This will allow a deeper understating on the overall discussion of this PhD 

thesis. This is followed by the recommendations of future research. 
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CHAPTER 2: METHODS FOR PILOT AND MAIN STUDY 

 

2.1 INTRODUCTION 

 

This chapter discusses the methods used for both the pilot and main study in order to 

achieve objectives of this study. This discussion includes study design, population 

and location, study recruitment and participation, data collection instruments, 

statistical analysis, sample size and case definition of variables. The differences in 

methods used between the pilot and main study are also clearly outlined. Flow charts 

are included to provide a clear summary of the material provided.   

 

2.2 STUDY DESIGN, POPULATION AND LOCATION 

 

2.2.1 Study design for pilot and main study  

 

The pilot and main study had a prospective cohort study design to investigate health 

effects especially acute health potentially arising from exposure to pesticides in a 

population of farmers.   

 

The participants of this pilot and main study were male farmers who were (i) 

18 years or older, and (ii) planned to use pesticides during the spraying session. Men 

were excluded if they (i) had a known medical condition which could be the cause of 

infertility (e.g. genetic conditions such as cystic fibrosis, chromosome abnormalities), 

(ii) if they had ever undergone treatment that could be a cause of infertility (e.g. 

chemotherapy), or (iii) knew that they had already a specific problem such as 

azoospermia. 

 

2.2.2 Pilot study population and location 

 

The pilot study was conducted in two areas in Malaysia; namely Ranau, in Sabah 

State and Bachok, in Kelantan State (Figure 2.1). In Ranau it was conducted in 

Kundasang sub district and in Bachok the Tawang sub district.  
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Ranau is located in the interior of Sabah State in the eastern part of Malaysia 

on the island of Borneo (Figure 2.1). This district is situated approximately 4000 km 

from Kuala Lumpur, the capital city of Malaysia and approximately 110 km from 

Kota Kinabalu, the capital of Sabah. The total area is 2978 square kilometres and the 

population is nearly 100,000 people and is an almost entirely Dusun ethnic 

community. The main source of income is from agriculture for 50.0% of the working 

population followed by government service and tourism, for 13.0% and 7.0%, 

respectively (141).  

 

Meanwhile, Bachok is a district of Kelantan State on the east coast of the 

Malaysian mainland (Figure 2.1). This district is situated approximately 600 km from 

Kuala Lumpur. The district covers a total area of 264.5 square kilometres. It has a 

population of about 189,000 people and more than 90.0% are Malay. The 

communities of this area are primarily engaged in agricultural activities as well as 

business, fishing and working in government and private sectors (142).  

 

2.2.3 Main study population and location 

 

The main study was recruited from Bachok and Kota Bahru district, in Kelantan State 

(Figure 2.2). It was conducted in eight sub-districts of Bachok; namely (a) Tawang (b) 

Perupok (c) Tanjung Pauh (d) Bekelam (e) Melawi (f) Mahligai (g) Gunung, (h) 

Melawi and three sub-districts of Kota Bahru; namely (i) Kedondong, (j) Chenok, (k) 

Melor. Both districts contain large agricultural areas with mainly vegetable and fruit 

farming. 

 

Kota Bharu district is the capital city of Kelantan State. The district is situated 

approximately from 450 km Kuala Lumpur and has a total area of 120 square 

kilometres. The total population is nearly 315,000 people and more than 90.0% are 

Malay. The communities are mainly engaged in business and also working in the 

government and private sectors (143). 
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Figure 2.1: Map showing study area and sampling location for pilot study 

(A) Malay peninsula, and (B) East Malaysia 
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Figure 2.2: Map showing study area and sampling location for main study;  

Bachok district (A) Tawang, (B) Perupok, (C) Tanjung Pauh, (D) Bekelam, (E) Melawi, (F) Mahligai, (G) Gunung, (H) Melawi; 

 Kota Bharu district (I) Kedondong, (J) Chenok, (K) Melor 
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2.3  ETHICAL APPROVAL  

 

The study protocol and additional documents were reviewed and approved by the 

Malaysia Research Ethics Committee (NMRR-17-424-34635) on 3rd August 2017 

(Appendix 1) and the Ethics Review Committee of University of Manchester (UREC 

4327) on 7th February 2018 (Appendix 2). An amendment to the study received 

approval from the Ethics Review Committee of University of Manchester (UREC 

4327) on 16th July 2018 (Appendix 3) and the Malaysia Research Ethics Committee 

(NMRR-17-424-34635) on 5th September 2018 (Appendix 4). 

 

2.4 STUDY RECRUITMENT AND PARTICIPATION 

 

2.4.1 Pilot study recruitment and participation 

 

All farmers were identified from an agricultural department database in each district 

and field sampling was conducted from 14th February 2018 to 30th April 2018. The 

study recruitment and participant flow chart is shown in Figure 2.3. 

 

Farmers were phoned by the research team before the first visit to determine 

their availability and if they were available, to confirm the date for the first visit. 

During this first visit, the researcher introduced himself as a method of building 

rapport and trust with the farmers. The farmers were given an introductory letter 

(Appendix 5), a participant information sheet (Appendix 6), a consent form 

(Appendix 7) and a screening questionnaire (Appendix 8). The farmers need to fill in 

a consent form and a screening questionnaire.  

 

 The participant information sheet contained contact details of the research 

team, in case the farmers needed further clarification or wished to withdraw from the 

study and the screening questionnaire contained questions on their current health 

status, somatic and neuropsychiatry symptoms. The researcher also asked when the 

farmer was going to start spraying. The farmers were given an opportunity to ask 

questions of any kind in order to clarify any doubts regarding the study. The farmers 

were then contacted via phone 24 hours later to confirm whether they were taking 

part in this study and each farmer who agreed to participate was asked to sign the 
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consent form and answer the screening questionnaire which had been given during 

the first visit. 

 

During the second visit which was two to three days later, the consent form 

and screening questionnaire were collected and the interview questionnaire 

(Appendix 9) was administered at the home of the farmers. The researcher 

interviewed the farmers in order to complete interview questionnaire. The interview 

questionnaire contained questions on demographics, lifestyle factors, reproductive 

history, work related information, farming and spraying information, re-entry into 

fields after spraying and their knowledge and practice of pesticide use. Farmers were 

also given two 60ml plastic containers for urine collection and an instruction leaflet 

for urine collection. Farmers were asked to collect a pre-spraying urine sample and 

then store the sample in their freezer. A time and date for the third visit was agreed. 

 

The third visit was during a current spraying week. The pre-spraying urine 

sample was collected by the research team. Farmers were asked to collect a post-

spraying urine sample during the evening of the first day of spraying and then store 

the sample in their freezer and the urine sample was collected by the research team 

on the second day of spraying session. The farmers were also asked to complete a 7-

day diary to report any symptoms following the first day of pesticide use and also 

provide information about activities done during spraying week (Appendix 10). The 

farmer was observed during pesticide preparation and spraying during this visit so 

that the DREAM questionnaire could be completed (Appendix 11) (120). 

 

The fourth and fifth visits were planned when the researcher went to meet 

farmers at the hospital. The farmer needed to come to the selected hospital for semen 

collection and analysis and also to answer hospital questionnaire (Appendix 12). The 

hospital question was to be completed by the farmers. The fourth visit was due to 

occur during a spraying session and the fifth visit was when the semen sample was 

collected during the non-spraying season around 3-9 months after the first day of 

current spraying session. Reimbursement was given to the farmers to cover cost for 

food and travelling to the hospital.  
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Figure 2.3: Recruitment and participant flow chart for pilot study 

 

2.4.2 Main study recruitment and participation   

 

Recruitment and participation in the main study was similar to that for the pilot study 

but with number of modifications outlined below. The recruitment and participant 
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flow chart is shown in Figure 2.4. The farmers were identified from an Agricultural 

Department database of Bachok. The database was obtained from a list of farmers 

who attended courses or training conducted by the Agricultural Department. However, 

not all the farmers on the database were doing farming activities during the study 

period. A few farmers had moved to another district or had changed their phone 

number. Hence, additional farmers were recruited based on information obtained from 

other farmers. Data collection took place between September 2018 and February 

2019.  

 

The first, second and third visits of the main study were similar to those in the 

pilot study except that farmer did not complete a screening questionnaire during the 

first visit as the screening questionnaire was combined with the interview 

questionnaire (Appendix 13) which was administrated during second visit. During the 

third visit, a salivary sample was collected by the research team on the second day of 

spraying week. 

 

Collection of semen samples and answering hospital questionnaire during the 

fourth visit during the pilot study was dropped. However, at the fourth visit of the 

main study, the research team came to the farmer’s home to collect self-reported 

health symptoms diary and the main study ended. The participant information sheet 

(Appendix 14) and consent form (Appendix 15) were also change due to change in 

study recruitment and participation.  

 

2.5 DATA COLLECTION INSTRUMENTS   

 

2.5.1 Questionnaires 

 

The screening, hospital visit and self-reported symptom and spraying diary 

questionnaire was developed in English and translated into Malay Language and was 

back-translated into English. Meanwhile, the interview questionnaire was developed 

only in English language. 
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Figure 2.4: Recruitment and participant flow chart for the main study 

 

2.5.1.1 Pilot study questionnaires 

 

For the pilot study, the survey was conducted through self-completed and face-to-face 

interview questionnaires. Questionnaires were developed from those used by past 
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studies in the UK (144–146) and Thailand (86). The research team also discussed and 

reviewed the questionnaires. The self-completed questionnaires were to be completed 

at the first visit (screening questionnaire), third visit (self-reported health symptom 

and spraying diary) and fourth visit (hospital visit questionnaire) and the face-to-face 

interview questionnaire during second visit. 

 

The screening questionnaire was divided into two parts as follows; (a) current 

heath symptoms that asked questions on general health, and (b) somatic and 

neuropsychiatry symptoms. For the general health questions, the farmers needed to 

describe their current health status and any illness that was made worse by their work. 

The somatic and neuropsychiatry questionnaire consisted of questions on somatic 

symptoms (n=13), Parkinsonism/neuropathy (n=18), depression (n=11) and dementia 

(n=12). The hospital visit questionnaire was divided into four parts which consisted of 

(a) semen collection questions (n=3) that provided information on last day of 

ejaculation, method of semen collection and portion missed during ejaculation (b) 

lifestyle factor questions (n=3) that provided information on current status of smoking 

and alcohol consumption, whether the  farmer wore  jeans or not, (c) current health 

status questions (n=5) that provided information on any medical problems that caused 

participants to have radiotherapy or chemotherapy, or take any immunosuppressant 

drugs, or had had any x-rays , use of regular steroids, any fever or runny nose and 

illness that gets worse due to work, and (d) pesticide use question  (n=1) that provided 

information on any exposure to pesticides  again. 

 

In the self-reported health symptom and spraying diary, farmers were asked to 

record symptoms that they had experienced for up to seven days following the start of 

a spraying week. The daily report consisted of 23 specific symptoms on health. The 

symptoms include feeling generally ill, feeling unusually tired, headache, anxiety, 

tremor, palpitation, excessive sweeting, runny nose, hoarse voice, sore throat, cough, 

shortness of breath, wheeze, nausea and vomiting, poor appetite, diarrhoea, muscle 

pain, dry mouth, lips and eyes, increased thirsty, passing less urine, urine more 

yellowish than normal and eye irritation. This diary symptom was based upon one 

used in a Thai study (86). In addition, farmers recorded information about activities 

done in the same week either spraying, re-entry into sprayed fields or not working. 
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Meanwhile, farmers were also interviewed using a questionnaire. This 

questionnaire contained eight parts as follows; a) demographic (n=7) characteristics 

(age, height, weight, ethnicity, marital status, level of education and income), (b) 

lifestyle factors (n=3) questions on diet, smoking and drinking habit, (c) reproductive 

history (n=2) including  questions on investigation for fertility problems and number 

of children, (d) work related history (n=6) including questions on duration worked as 

a farmer, age start working, working history, size of farm and farm ownership, (e) 

farming, spraying and work practice information (n=19) including questions on total 

and current crops growing, total crops sprayed per year, task involved, average 

duration of spraying, date of last sprayed, whether mixed pesticides or not, application 

methods, PPE information, clothes worn while applying pesticides, clothes changing 

after pesticide exposure, showering behaviour after spraying, whether wash equipment 

or not, whether repaired spraying equipment or not, incidents while using pesticides, 

body parts exposed to pesticides, places where pesticide stored and current pesticide 

use, (f) re-entry to sprayed fields (n=10) including  questions on being a bystander at a 

field being sprayed and re-enter into pesticide sprayed field, (g) knowledge of 

pesticide use (n=13), and (h) practice of pesticide use (n=16). 

 

2.5.1.2 Main study questionnaires 

 

Following the pilot study, numbers of alterations were made for the main study to the 

screening, hospital visit and the interview questionnaires to improve the accuracy of 

the responses, to ensure that questions could not be omitted inadvertently and to 

improve the clarity of some of the sections. 

 

For the main study, the screening questionnaire was combined with the 

interview questionnaire and was administered at second visit. The interview 

questionnaire contained nine parts and no changes were made in the number and type 

questions asked for (a) demographic, (b) lifestyle factors, (c) work related history, (d) 

re-entry to sprayed fields, (e) knowledge of pesticide use and (f) practice of pesticide 

use. However, there were changes for following parts; (a) questions on current health 

status and somatic and neuropsychiatry symptoms were combined rather than being 

separate in screening questionnaire, (b) reproductive history with same number of 

questions (n=2) with details regarding pregnancy and delivery and (c) farming, 
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spraying and working practice information were separated into farming and spraying 

information and work practice information. The number of questions for farming and 

spraying information was the same (n=2) with an additional question (n=1) on work 

practice information.  

 

No changes were made in the self-reported symptom and spraying diary for the 

main study. However, since none of the farmers in the pilot study agreed to provide 

semen samples, the hospital visit question was omitted from main study. 

 

2.5.2 Observation during spraying season  

 

Field observations were conducted among farmers during the first day of a current 

spraying week for both the pilot and main studies. This was carried out during the 

third visit and the farmers were observed by the researcher when they were mixing 

and spraying pesticides. The farmer’s spraying work was also recorded on video for 

completion of the DREAM checklist. The duration of observation lasted 

approximately 30 minutes for both mixing and spraying. The DREAM questionnaire 

was filled by the researcher team after observing and videoing famers while 

performing their tasks. The questions on the DREAM questionnaire have been 

described in Section 1.5.2.4.  

 

2.5.3 Urine sample collection and analysis   

 

Farmers were provided with two 60 ml plastic urine containers and an instruction 

leaflet for urine collection and storage (Appendix 16). Two spot urine samples were 

collected from each farmer to represented pre- and post-spraying samples. The pre-

spraying sample was collected in the morning before the activity started and the post-

spraying sample was collected during the evening of the first day of spraying between 

6.00 and 8.00 pm if they sprayed in the morning or the next morning if the farmers 

sprayed at the evening.  

 

The samples were immediately stored in a refrigerator at the farmer’s home 

before being collected by the researcher. After the samples were collected by the 

researcher, they were kept were frozen at -20oC until delivery on dry ice to the Health 
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Safety Laboratory (HSL), Buxton, England for analysis. Only selected urine samples 

were analysed based on pesticides or metabolites that could be analysed at the HSL 

Laboratory. The laboratory is following ISO 9001 and other relevant quality control 

procedures (147). Figure 2.5 summarises urine sample collection, storage, transport 

and analysis.  

 

 

 

Figure 2.5: The process for urine collection, storage, transport and analysis 

 

The list of analyses investigated comprised of pesticides or their metabolites 

and are summarised in Table 2.1. Validated analytical methods for pesticide 

metabolites were used at HSL. HSL also participates in external quality assurance 

schemes from Germany for chlorpyrifos and cypermethrin (148). 

 

In brief, to quantify glyphosate levels, 200 µl aliquots of the urine samples 

were added to a tube containing 10 µl internal standards which consists of 100 µl 

glyphosate working solution (400 µg/l) to 1.9 ml of blank urine followed by 800 µl of 

milli Q water. The samples were then subject to solid phase extraction (SPE) and the 

glyphosate eluted using 10% formic acid in methanol. The eluent was evaporated 
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under a gentle stream of nitrogen at 40ºC and reconstituted in 100 µl of 0.1% formic 

acid. The samples were ready for analysis by  LC-MS (94).  

 

Table 2.1: The measured metabolites and their parent compounds 

 

Metabolite  LOD (µg/l) Parental compounds  

Bifenthrin  1 Pyrethroid  

cDCVA 1 Cypermethrin 

DBVA 1 Deltamethrin 

Glyphosate 0.5 Glyphosate 

3PBA 1 Pyrethroid  

356TCP 1 Chlorpyrifos 

tDCVA 1 Cypermethrin 

 

A total of five pyrethroid metabolites including bifenthrin, 3PBA, tDCVA, 

cDCVA and DBVA and one chlorphyrifos metabolite (356TCP) were also measured. 

In brief, 1 ml aliquots of the urine samples were dispensed and 0.5 ml of 250 µl 

glucuronidase at 100,000 units/ml in 50 ml acetate buffer with pH 5 was added to all 

the samples. The samples were covered with parafilm and incubated overnight at 37ºC 

and 200 µl 1m acetic acid (5.7 ml acetic acid in 100 ml water) added C18 (1ml; 100 

mg) SPE cartridges were pre-washed with 2 ml acetonitrile then 2 ml water and the 

acidified sample was added and washed with 2 ml water and the sample was eluted 

with 1 ml methanol followed by 1 ml acetonitrile. The eluent in clean tubes were 

collected and the samples were evaporated under a stream of nitrogen and 

reconstituted in 100 µl of 50% acetonitrile containing 1% acetic acid. All samples 

were assayed in duplicate and performed by LC-MS (149). Creatinine analysis was 

also completed on all urine samples and was determined using a Pentra 400 clinical 

analyser (150). 

 

2.5.4 Semen sample collection and analysis 

 

Semen samples were to be taken for assessing male infertility. However, it was 

dropped for the main study. The process for semen sample collection and analysis is 

discussed (Figure 2.6). Each farmer was provided with instructions for collecting of 

semen sample (Appendix 17). The semen samples were to be collected twice; the first 

sample collected at the fourth visit (during spraying session) and the second sample 

collected at the fifth visit (3-9 months after the first day of spraying session). All 



58 

farmers were to be instructed to abstain from intercourse or any other forms of 

masturbation 2-3 days before collection of the semen sampling. The farmers also 

needed to avoid using any form of container or even condom because they might not 

be clean or contain chemicals which could contaminate the sample. On the day of 

appointment, semen collection was to take place in a private room in the hospital 

clinic. The farmers were provided with a clean and dry container and the sample 

collected by masturbation and all the semen ejaculated collected direct into the 

container. Semen sample was to be sent to be analysed within 1 hour of collection 

according to WHO procedures. 

 

 

 

Figure 2.6: The process for semen collection and analysis 
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2.5.5 Saliva sample collection   

 

A saliva sample was collected during the main study at the participant’s home in the 

early morning (between 8.00 to 10. 00 am) in respect of the circadian rhythm of 

testosterone. The farmers were instructed not to eat, smoke, drink or brush their teeth 

15 min prior to sampling and they were asked to spit the saliva directly into 60 ml 

container. The sample was frozen after collection at the researcher’s home and stored 

at -20ºC prior to shipping and finally stored at -80ºC at The University of Manchester 

until analysed. Each farmer was provided with instructions for collecting of salivary 

sample (Appendix 18). Figure 2.7 shows the process for saliva collection, transport 

and analysis. 

 

 
 

Figure 2.7: The process for saliva collection, transport and analysis 
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2.6 STATISTICAL ANALYSIS  

 

Data were analysed using Statistical Package for Social Sciences Version (SPSS) 

Version 20 (IBM Corp).  Based on study aims and objectives, a number of statistical 

analyses have been used.  

 

2.6.1 Descriptive and inferential statistics 

 

For categorical data, frequency and percentage were used to summarise each 

categorical variable. For numerical data, means, standard deviations (SD) and range 

for parametric numerical variables and median and (Q1-Q3) for non-parametric 

numerical variables were used. Histograms were used to explore the distributions.   

 

To examine the association between categorical variables, a Chi-Square test 

was carried out, when more 20% of the expected counts and more than five counts 

were in all cells. If the assumption was not meet, Fisher Exact test was used.  

 

To compare two independent groups for continuous variables, the Independent 

T-test was used when distributions were normal. If the data were not normally 

distributed, the Mann-Whitney U test was used. Meanwhile, to compare more than 

two groups, one-way analysis of variance (ANOVA) was used when distributions 

were normal. If the data were not normally distributed, the Kruskal-Wallis test was 

used. Paired T-test or Wilcoxon Signed Rank test was used to compare continuous 

variables and pre- and post-urine samples.  

 

Associations between two continuous variables were analysed using the 

Pearson correlation. If not-normally distributed, the Spearman’s rank correlation 

coefficient was used. A value close to 0 indicates no linear relationship, +1 indicates a 

positive relationship and -1 indicates a negative relationship between the variables. 

Correlations were interpreted using the following criteria; 0-0.3= weak correlation, 

0.3-0.7= moderate correlation and greater  than 0.7= strong correlation (151).  

 

An intraclass correlation coefficient (ICC) estimate was used to analyse 

interrater reliability for DREAM score in order to determine the variation between 
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four raters who observed the videos and completed DREAM questionnaire checklist. 

The estimates were based on mean-rating (n=4), absolute-agreement, 2 way mixed-

effects model. Based on the 95% confident interval of the ICC estimate, values less 

than 0.50 is indicate poor reliability, between 0.50 and 0.75 indicate moderate 

reliability, between 0.75 and 0.90 good reliability and greater than 0.90 is excellent 

reliability (152). 

 

A binary logistic regression model was used to investigate several categorical 

explanatory variables to predict the outcome such as pyrexial factor, PPE used, health 

status and neuropsychiatric symptoms and knowledge and practice of pesticide use. 

Univariate analysis was carried out for each variable. Following univariate analysis, 

all variables with a p value of less than 0.05 were included in final model. However, 

the variables such as EFS and AHS pesticide exposure intensity score and DREAM 

score were not included in this final model. This is because these scores included a 

variety of pesticide exposure variables. Forward and backward selection methods 

were used to compare which model was the best model. All independent variables 

were checked for multicollinearity and interaction. Goodness of fit was also checked 

and assumptions if met if the Hosmer-Lemeshow test p value was >0.05. After the 

assumption was met, the final model was achieved (153,154). 

 

2.7 SAMPLE SIZE  

 

Due to the nature of the pilot study, no sample size was calculated to determine how 

many participants were to be included in this study. The researcher and supervisory 

team agreed thus 10-20 were participants suitable for this pilot study. No power 

analysis was performed as well because this pilot study as focusing more on the 

practicalities of conducting this study.   

 

For the main study, the sample size was decided based on semen samples 

parameters despite not collecting semen samples. This sample size also was used to 

obtain ethical approval. 

 

The sample size calculation was based on data from Hossain et al. (14), 

obtained from a population similar to the one in the proposed study. Sperm 
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concentration (106/ml), motility (%) and morphology (%) in the unexposed population 

was 55±29, 67±28, and 73±22 (mean ±SD), respectively.  

 

Assuming α = 0.05, 80% power and a 25% drop out, to detect a sperm 

concentration in an exposed population of (i) 40x106/ml or (ii) 30x106/ml, 74 and 28 

participants in each group would be required respectively. 

 

Assuming α = 0.05, 80% power and a 25% drop out, to detect sperm motility 

in an exposed population of (i) 50% or (ii) 40%, 54 and 21 participants in each group 

would be required respectively 

 

Assuming α = 0.05, 80% power and a 25% drop out, to detect sperm 

morphology in an exposed population of (i) 60% or (ii) 50%, 57 and 19 participants in 

each group would be required respectively. Hence, this study plan thus recruits 

approximately 150 farmers (75 farmers in each group).  

 

2.8 OPERATIONAL DEFINITION OF VARIABLES  

 

Table 2.2 shows the tool, type and operational definition for demographic variables. 

Table 2.3 shows the tool, type and operational definition for working histories and 

practices variables. Table 2.4 shows the tool, type and operational definition for 

exposure assessment variables. Table 2.5 shows the tool, type and operational 

definition for health outcome variables. 
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Table 2.2: The tool, type and operational definition for demographics variables 

 

Variable  Tool/Type of variable  Definition and classification  

Age  Interview questionnaire/ Numerical Refers to the length of time that the farmers have lived from the date of birth until day of study is being 

carried out. 

Ethnicity Interview questionnaire/ Categorical Refers to the ethnic group that the farmers belonged to. 

 

It was categorised into either Malay or non-Malay. 

Body Mass Index 

(BMI) 

      

 

Interview questionnaire/ Categorical Refers to the farmers’ body mass (kg) divided by the square of the body height (m2) and expressed in units 

of kg/m2. 

 

BMI was categorised into four groups according to Asian-Pacific cut-off points; underweight (<18.5 kg/m2), 

normal weight (18.5-22.9 kg/m2), overweight (23-27.5 kg/m2 ) and obese (>27.5 kg/m2) (155).  

 

For logistic regression analysis, BMI was categorised into either under/normal weight or overweight/obese.  

Marital status  Interview questionnaire/ Categorical 

 

 

 

Refers to the respondent’s marital status   

 

Marital status was divided into three groups either single, married or widower/divorced. 

 

For logistic regression analysis, marital status was divided into either single or married/widower/divorced 

Education level  Interview questionnaire/ Categorical 

 

 

Refers to the highest level of formal education attended. 

 

The education level was divided into never been to school, primary school, secondary school or university.  

 

For logistic regression analysis, education level was divided into never been to school/primary school or 

secondary school/university. 

Income per month Interview questionnaire/ Categorical Refers to money received on regularly monthly basis either from monthly salary or other source. 

 

It was classified as low income if the total salary per month was less than MYR 1500 (~£ 350) and middle 

income if salary was above (MYR 1501 to MYR 1000 (~£ 350 -~£1200)) (156) .  

Diet habit  Interview questionnaire/ Categorical Refers to food choices preferred by farmers in their daily life. 

 

The diet was divided into either meat and fish eater or fish eater only. 
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Smoking status  Interview questionnaire/ Categorical Refers to the farmers that smoke cigarette, vape or cigars. 

 

Smoking status was classified into current, ex or non-smokers. 

Age start smoking 

in current or ex-

smokers 

Interview questionnaire/ Numerical  Refers to the age of starting smoking among current or ex-smokers. 

Cigarettes per day 

smoked by 

current smokers 

Interview questionnaire/ Numerical Refers to the number of cigarettes smoked per day among current smokers. 
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Table 2.3: The tool, type and operational definition for working histories and practices variables 

 

Variable  Tool/Type of variable  Definition and classification  

Age starting work 

as farmer 

Interview questionnaire/ Numerical  Refers to the age of starting work as farmer. 

Duration work as 

farmers 

Interview questionnaire/ Numerical  Refers to duration that the farmers have been working as a farmer. 

Type of farming  Interview questionnaire/ Categorical Refers to what are farmers growing on the farm. 

 

It was divided into either rice farmers or vegetable/fruit farmers. 

Farm size Interview questionnaire/ Numerical  Refers to the size of farm that the farmers used. 

Farm owner Interview questionnaire/ Categorical Refers to a farmer as an owner of the farming area. 

 

It was categorised into either yes or no. 

Task involved 

      

 

Interview questionnaire/ Categorical Refers to activities that farmers routinely performed while handling pesticides which included diluting the 

concentrate, preparation and spraying.  

 

It was categorised into either yes or no. 

Spraying per day 

     

Interview questionnaire/ Numerical  Refers to the average duration of spraying in hours per day among the farmers.  

Days sprayed per 

week 

 

Interview questionnaire/ Categorical Refers to the average duration of spraying in days per week among the farmers.  
 

It was categorised into 1 day or less, 2-3 days, 4-5 days and 6-7 days. 
 

For logistic regression analysis, it was categorised into either less than one day or two days or more. 

Mixing pesticide 

  

Interview questionnaire/ Categorical Refers to the average time for mixing done by the farmers during handing pesticide. 

 

It was categorised into either < 50% of time or >50% of time.  

Type of mixing 

system 

 

Interview questionnaire/ Categorical Refers to type of mixing equipment. 

 

It was categorised into either enclosed or open. 

Application 

methods   

Interview questionnaire/ Categorical Refers to the main type of application that farmers used to spray. 

 

It was categorised into backpacker sprayer, power sprayer and blower. 

 

For logistic regression analysis, it was categorised either backpacker sprayer or power sprayer/blower.  
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Stored pesticides  

 

Interview questionnaire/ Categorical Refers to the place where the farmers normally store the pesticide. 

 

It was categorised into either in home, garage, attached out the building or field 

Bystander at field 

being sprayed 

Interview questionnaire/ Categorical Refers to farmers who were working at field while somebody else sprays. 

 

It was categorised into either yes or no. 

Re-enter into 

pesticide sprayed 

field 

Interview questionnaire/ Categorical Refers to farmers who worked in a pesticide sprayed field. 

 

It was categorised into either yes or no. 

Incident while 

using pesticide 

Interview questionnaire/ Categorical Refers to an unpleasant or unusual event during pesticide handling which will expose farmers more to 

pesticides. 

 

It was categorised into either yes or no. 

Part of body in 

contact with 

pesticide 

Interview questionnaire and 

symptoms diary/ Categorical 

Refers to nine body part exposed from anterior and posterior view to pesticide during work activities. 

 

It was categorised into either yes or no. 

Change into clean 

clothes 

 

Interview questionnaire and 

symptoms diary/ Categorical 

Refers to changing into clean clothes of farmer after spraying pesticide. 

 

It was divided into either right away, later at the end of the day or next day or later in the week. 

Shower after 

spraying pesticide 

 

Interview questionnaire and 

symptoms diary/ Categorical 

Refers to shower behaviour of farmers after spraying pesticide.  

 

It was divided into either right away, later at the end of the day or next day or later in the week. 

Wash hand/arm 

after spraying 

pesticide 

Interview questionnaire and 

symptoms diary/ Categorical 

Refers to washing hand or arm of farmers after spraying pesticide.  

 

It was divided into either right away, later at the end of the day or next day or later in the week. 

Repair spraying 

or mixing 

equipment 

Interview questionnaire/ Categorical Refers to farmers repairing their spraying or mixing equipment used during pesticide handling.  

 

It was categorised into either yes or no. 

Clean equipment 

after pesticide use 

Interview questionnaire/ Categorical Refers to farmers washing the equipment after being used during pesticide handling. 

 

It was categorised into either yes or no. 
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Frequency clean 

spraying 

equipment 

 

Interview questionnaire/ Categorical Refers to the frequency of washing equipment after being used during pesticide handling among the farmers 

who wash the equipment. 

 

It was categorised into either always, most of the times, half of the times or sometimes. 

Place clean 

spraying 

equipment 

Interview questionnaire/ Categorical Refers to the place where farmers who wash the equipment after being used during pesticide handling. 

 

It was categorised into either at farm or home. 

Activity when 

clean spraying 

equipment 

Interview questionnaire/ Categorical Refers to the activity when cleaning the equipment among farmers who wash the equipment. 

 

It was categorised into either hose down the sprayer, clean nozzle or rinse tank.  

Material used to 

clean the 

equipment 

Interview questionnaire/ Categorical Refers to the material used to clean the equipment among farmers who wash the equipment. 

 

It was categorised into sand only, water only, water and soap or cleaning agent. 

Pesticide used  Symptoms diary and DREAM 

questionnaire / Categorical 

Refers to the use of pesticides among the farmers on first day of current spraying session. If the pesticide is a 

mixture of two or more components, it was considered as one pesticide.  

Amount of 

pesticide 

DREAM questionnaire/ Categorical Refers to the total amount of pesticide that the farmers used to sprayer the crop on the first day of current 

spraying session. 

 

It was categorised into less than 30 ml and more than 30 ml 

Knowledge of 

pesticide use 

Interview questionnaire/ Numerical 

and categorical 

Refers to knowledge of pesticide use that is facts and information known by the farmers regarding pesticide 

use. 

 

Total knowledge scores were calculated as the sum of the correct responses to each question with one point 

given for a correct answer and 0 for an incorrect/do not know answer. The maximum and minimum scores 

were 13 and 0, respectively. 

 

The median total score was then used to categorise the farmers  as having good knowledge (if farmers scored 

above median score) or poor knowledge (if farmers scored below median score) (157).  

Practice of 

pesticide use 

Interview questionnaire/ Numerical 

and categorical 

Refers to practice of pesticide use before, during and after handling pesticides. 

 

Work practices scores were measured with a five-point Likert’s scale. Answers were summed and maximum 

and minimum score were 64 and 0, respectively. A reverse score was given for negative items. All individual 

answers to practice questions were summed to obtain total scores.  

 

The median total score was then used to categorise the farmers  as having  a good practice score ( if farmers 
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scored above median score ) and poor practice score (if farmers scored below median) (157). 

PPE use Interview questionnaire/ Categorical Refers to equipment worn to minimize exposure to pesticides in this study. 

 

The farmers were considered to use PPE if they used at least one type of PPE while performing their 

occupational activities. 

 

The PPE use was divided into either yes or no. 
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Table 2.4: The tool, type and operational definition for exposure assessment variables 

  

Variable Tool/Type of variable Definition and classification 

Level of urine 

metabolites  

Biomarker/ Categorical  Refers to the level of urine metabolites based on the difference between pre- and post-spraying levels of 

metabolites of chlorpyrifos, cypermethrin and pyrethroids.  

 

The difference between pre- and post-urine metabolite for each metabolite was classified into below 

(score=0) or above (score=1) the median. 

For each farmer, the median scores (below or above) for metabolites are summed and described as  

Minimal = Scores always below the median 

Low = Only one score above the median 

High = Two scores above the median 

Very high = All differ scores above the median 

 

For logistic regression analysis, the variable will be categorised based on either minimal/low or high/very 

high. 

AHS score  Interviewed questionnaire/ Numerical  Refers to pesticide exposure intensity score based on AHS conducted in the USA. The score will be 

calculated based on weight score (Appendix 19). 

EFS score  Interviewed questionnaire and 

symptoms diary/ Numerical  

Refers to pesticide exposure intensity score based on EFS conducted in Ethiopia. The score will be 

calculated based on weight score (Appendix 19). 

DREAM score  DREAM questionnaire/ Numerical Refers to a score based on observational structured semi-quantitative method to assess dermal exposure for 

pesticide. The total DREAM scores will be calculated by adding nine body parts of actual dermal exposure 

(120). 
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Table 2.5: The tool, type and operational definition for health outcome variables  

 

Variable Tool/Type of variable Definition and classification 

Somatic 

symptoms  

Interview questionnaire/ Categorical Refers to all somatic symptoms be scored based on severity from 0 (not bothered), 1 (bothered a little) to 2 

(bothered a lot). Individual somatic symptom scores were summed and then categorised as follows;  

minimal (lowest-16% of total score= 0-3), low (17%-34% of total score= 4-8), medium (35%-49% of total 

score= 9-12) and high (50% or more total score= 13-26) (158) .  

Screen positive 

Parkinsonism 

Interview questionnaire/ Categorical Farmers screen positive for Parkinsonism were identified if they answered to one or more of C5(g), C5(h) 

and C5(i) question was bothered a lot in the past 4 weeks based on questions in interviewed questionnaire 

(Appendix 13)  (159). 

Screen positive 

neuropathy 

Interview questionnaire/ Categorical The farmers were identified as screen positive for neuropathy if their answer to one or more of C5(b), C5(d), 

C5(k), C5(m), C5(n), C5(p) and C5(r) was bothered a lot in the past 4 weeks based on questions in 

interviewed questionnaire (Appendix 13) (146). 

Screen positive 

depression  

Interview questionnaire/ Categorical The farmers were determined to be screen positive for depression if they answer to C6(a) or C6(b) and 4 or 

more of C6(a) – C6(k) were at bothered a lot based on questions in interviewed questionnaire (Appendix 13) 

(160) . 

Screen positive 

dementia 

Interview questionnaire/ Categorical The farmers were screen positive for dementia if they answer to C7(a),C7(i) or C7(j) based on questions in 

interviewed questionnaire (Appendix 13) and the severity cumulative score was greater than 4 or more if 

each positive answer was scored as 1 (161). 

Somatic and 

neuropsychiatry 

symptoms (New 

classification)  

Interview questionnaire/ Categorical The farmers were classified either as not bothered or bothered at all for somatic and neuropsychiatry health 

symptoms where not bothered is when the response to all questions was not bothered and bothered at all 

when the response to one question (or more) was at least bothered a little.   

Acute health 

symptoms  

Symptoms diary/ Categorical  The farmers were considered as having symptoms if they had symptoms 48 hours after spraying at any time 

during the current spraying period. If the farmers reported having the same symptom on more than one 

occasion, the symptom was counted only one. 

Pyrexial factor  Symptoms diary/ Categorical Refers to four symptoms based on symptoms diary questionnaire occurring 48 hours after spraying at any 

time during current spraying period including feeling generally ill, unusually tired, sweaty, shivery, feverish, 

hot or cold and headache (145). 

Respiratory factor Symptoms diary/ Categorical Refers to five symptoms based on symptoms diary questionnaire occurring 48 hours after spraying at any 

time during current spraying period such as runny, stuffy, blocked or irritated nose, cough, shortness of 

breath, wheeze and eye irritation occurring 48 hours after spraying at any time during current spraying 

period (145). 
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CHAPTER 3: EXPOSURE TO PESTICIDES AND HEALTH EFFECTS 

AMONG FARMERS IN TWO AREAS IN MALAYSIA- A PILOT STUDY 

 

 

3.1 INTRODUCTION 

 

Agricultural workers in Malaysia are often exposed to pesticides through various ways 

and workers occupationally exposed to pesticides on average have significantly higher 

exposures compared to the general population (162). Furthermore, many farmers 

practice improper handling of pesticides such as not using PPE, not following safety 

instructions provided and using more than the recommended pesticide dose (132).  

 

Despite numerous benefits, the use of pesticides also brings a substantial 

hazard to the human and also environment. Numerous studies from lower and middle-

income countries have indicated that acute health problems related to pesticide 

exposure account for significant morbidity and mortality (163,164). In addition, 

chronic pesticide exposure has been linked to a wide range of chronic health effects 

including influencing male fertility. However, research on the health effects of 

pesticide exposure in farmers is still limited in Malaysia and based only on surveys of 

self-reported health symptoms and signs (14,44,132,165).  

 

It is uncertain whether the farmers would comply with the developed study 

protocol planned to assess the relationship between pesticide exposure and acute 

health effects among farmers. Therefore, a pilot study was undertaken to test the 

recruitment rate, the acceptability of conducting this study and to determine the 

feasibility of the study protocol.   

 

3.1.1 Aims and objectives  

 

The aims of this pilot study were to examine the feasibility of recruitment, retention of 

farmers as well as the collection of questionnaire data and biological samples (urine 

and semen) in order to obtained information related to pesticide exposure and health 

effects towards farmers. To achieve this, the specific objectives were to:   
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a) Determine the response and retention rate of the farmers 

b) Assess the acceptability and understanding of the questionnaires and the diary 

to self-report symptoms 

c) Determine the feasibility of collecting urine and semen samples and observing 

pesticide spraying 

d) Obtain and analyse information about demographics, work practices, self-

reported symptoms during the spraying season and biological samples (urine 

and semen samples) 

e) Make recommendations for collecting data in the main study 

 

3.2 RESULTS 

 

3.2.1 Response rate of the farmers  

 

Thirty farmers were approached to participate in the pilot study; 20 from Ranau, 

Sabah and 10 farmers from Bachok, Kelantan. The total response rate for this study 

was 60.0% (n=18). The highest response among the farmworkers was found in 

Bachok, Kelantan (80.0%, n=8) followed by Ranau, Sabah (50.0%, n=10). There was 

no loss of follow up observed in the pilot study (Figure 3.1).  

 

 
 

Figure 3.1: The response rate of the pilot study 
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3.2.2 Acceptability and understanding of study materials 

 

For the screening questionnaire, the majority of the farmers were not keen to answer 

the questions as there was a list of questions which demotivated them to provide the 

answers. However, the farmers did not have any problems in answering the diary and 

the questions on self-reported symptoms. During the face-to-face interview and 

observation of pesticide spraying, the majority of the farmers gave their full 

cooperation and they did not have any problems. 

 

In term of collection of biological samples, all the farmers gave their full 

commitment for the collection of urine samples but none of them agreed to give a 

semen sample. 

 

3.2.3 Characteristics of farmers  

 

Table 3.1 shows the demographic data for the 18 farmers. Farmers ranged in age from 

27 years to 64 years and the mean +SD was 42.2+12.7 years. Malay and Dusun ethnic 

groups were the major respondents. All of the farmers from Kelantan were of Malay 

ethnicity but none of the farmers from Sabah were Malay (p<0.01). The vast majority 

of the farmers from Sabah were part of low income families compared to farmers from 

Kelantan where the majority were middle income (p=0.04).  

 

3.2.4 Occupational histories and work practices of the farmers during previous 

spraying sessions   

 

Table 3.2 describes the occupational histories and work practices of the farmers 

during previous spraying sessions. The mean +SD duration of working as farmers in 

this study were 18.8+14.8 and their mean +SD daily spraying hours was 1.6+0.9. All 

farmers were doing all the tasks such as preparation, diluting concentrate and 

spraying. All farmers from Sabah used a backpacker sprayer and 62.5% of farmers 

from Kelantan used a backpacker sprayer (p=0.07). There were no significant 

differences between occupational and work practices and whether the farmers worked 

in Sabah or Kelantan. 
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Table 3.1: The characteristics of farmers 

 

Variable Total (n=18) Sabah (n=10) Kelantan (n=8) P value 

Age, yrs 

     Mean SD 

     Min-Max 

 

42.2 12.7 

27-64 

 

40.5 12.5 

27-57 

 

44.4 13.6 

27-64 

0.54 a 

BMI, n (%) 

     Underweight 

     Normal weight  

     Overweight  

 

1 (5.6) 

15 (83.3) 

2 (11.1) 

 

0 (0.0) 

9 (90.0) 

1 (10.0) 

 

1 (12.5) 

6 (75.0) 

1 (12.5) 

0.71 b 

Ethnicity, n (%) 

     Malay  

     Dusun 

     Others 

 

8 (44.4) 

8 (44.4) 

2 (11.2) 

 

0 (0.0) 

8 (80.0) 

2 (20.0) 

 

8 (100) 

0 (0.0) 

0 (0.0) 

<0.01 b 

Marital status, n (%) 

     Single 

     Married 

 

5 (27.8) 

13 (72.2) 

 

4 (40.0) 

6 (60.0) 

 

1 (12.5) 

7 (87.5) 

0.31 b 

Educational level, n (%) 

     Never been to school  

     Primary school  

     Secondary school  

     University 

 

1 (5.6) 

4 (22.2) 

11 (61.1) 

2 (11.1) 

 

0 (0.0) 

3 (30.0) 

6 (60.0) 

1 (10.0) 

 

1 (12.5) 

1 (12.5) 

5 (62.5) 

1 (12.5) 

0.78 b 

Income per month, n (%) 

     Low income 

     Middle income 

 

11 (61.1) 

7 (38.9) 

 

8 (80.0) 

2 (20.0) 

 

3 (37.5) 

5 (62.5) 

0.04 b 

Smoking status, n (%) 

     Current/ex-smokers 

     Non-smokers  

 

10 (55.6) 

8 (44.4) 

 

6 (60.0) 

4 (40.0) 

 

4 (50.0) 

4 (50.0) 

1.00 b 

Alcohol drinking, n (%) 

     Yes  

     No 

 

0 (0.0) 

18 (100) 

 

0 (0.0) 

10 (100) 

 

0 (0.0) 

8 (100) 

Not 

examined 

a P value by Independent T-test, b P value by Fisher Exact test 

 

Table 3.3 shows PPE use and clothes worn by the farmers during previous 

spraying sessions. All farmers used PPE and the farmers from Sabah wore gloves 

more than farmers from Kelantan (p=0.03). 

 

Table 3.4 shows the type of crops currently grown by the farmers. In the study 

period, nine different crops were cultivated. Sweet potato was the main crop grown by 

the farmers followed by onion and chilli but there were also differences between 

regions. 
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Table 3.2: Occupational histories and work practices of the farmers during  

the previous spraying sessions  

 

Variable Total 

(n=18) 

Sabah 

(n=10) 

Kelantan 

(n=8) 

P value 

Duration work as farmers, yrs 

     Mean SD 

     Min-Max 

 

18.8 14.8 

1-50 

 

14.6 14.0 

1-40 

 

24.1 14.9 

6-50 

0.18 a 

Other jobs before becoming farmers, n (%) 

      Yes  

      No 

 

6 (33.3) 

12 (66.7) 

 

5 (50.0) 

5 (50.0) 

 

1 (12.5) 

7 (87.5) 

0.15 b 

Any additional job, n (%) 

      Yes  

      No 

 

9 (50.0) 

9 (50.0) 

 

5 (50.0) 

5 (50.0) 

 

4 (50.0) 

4 (50.0) 

1.00 b 

Farm owner, n (%) 

      Yes  

      No 

 

16 (88.9) 

2 (11.1) 

 

8 (80.0) 

2 (20.0) 

 

8 (100) 

0 (0.0) 

0.48 b 

Task involved, n (%) 

     Diluting concentrate 

     Preparation 

     Spraying  

 

18 (100) 

18 (100) 

18 (100) 

 

10 (100) 

10 (100) 

10 (100) 

 

8 (100) 

8 (100) 

8 (100) 

Not 

examined 

Duration of spraying per day, hour 

     Mean SD 

     Min-Max 

 

1.6 0.9 

0.5-4.0 

 

1.4 0.5 

0.5-2.5 

 

1.5 0.5 

1-4 

0.69 a 

Mixed pesticide, n (%) 

     >50% of the time  

     <50% of the time 

 

17 (94.4) 

1 (5.6) 

 

10 (100) 

0 (0.0) 

 

7 (87.5) 

1 (12.5) 

0.44 b 

Duration of spraying per week, n (%) 

     1 day 

     2-3 days 

 

10 (55.6) 

8 (44.4) 

 

6 (60.0) 

4 (40.0) 

 

4 (40.0) 

4 (40.0) 

1.00 b 

Application methods, n (%) 

     Backpack sprayer 

     Power sprayer 

 

15 (83.3) 

3 (16.7) 

 

10 (100) 

0 (0.0) 

 

5 (62.5) 

3 (37.5) 

0.07 b 

Repair spraying or mixing equipment, n (%) 

     Yes 

     No 

 

13 (72.2) 

5 (27.8) 

 

6 (60.0) 

4 (40.0) 

 

7 (87.5) 

1 (12.5) 

0.31 b 

Store pesticide, n (%) 

     Yes, in home 

     Yes, in garage 

     Yes, in attached outbuilding  

 

1 (5.6) 

16 (88.8) 

1 (5.6) 

 

0 (0.0) 

10 (100) 

0 (0.0) 

 

1 (12.5) 

6 (75.0) 

1 (12.5) 

0.18 b 

Bystander farmers, n (%) 

     Yes 

     No 

 

4 (22.2) 

14 (77.8) 

 

2 (20.0) 

8 (80.0) 

 

2 (25.0) 

6 (75.0) 

1.00 b 

Work in pesticide sprayed field, n (%) 

     Yes 

     No 

 

16 (88.8) 

2 (11.2) 

 

8 (80.0) 

2 (20.0) 

 

8 (100) 

0 (0.0) 

0.48 b 

Incident while using pesticide, n (%) 

     Yes 

     No 

 

9 (50.0) 

9 (50.0) 

 

4 (40.0) 

6 (60.0) 

 

5 (62.5) 

3 (37.5) 

0.64 b 

a P value by Independent T-test, b P value by Fisher Exact test 
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Table 3.3: PPE use and clothes worn  

 

Variable  Total 

(n=18) 

Sabah 

(n=10) 

Kelantan 

(n=8) 

P value a 

PPE used, n (%) 

     Yes 

     No 

 

18 (100) 

0 (0.0) 

 

10 (100) 

0 (0.0) 

 

8 (100) 

0 (0.0) 

Not examined 

Clothes worn when pesticide sprayed,  

n (%) 

     Apron 

     Chemical resistant boots 

     Chemical resistant suits 

     Dusk mask 

     Face shield  

     Gloves  

     Hat 

     Long sleeve shirt 

     Long trousers 

     Respiratory protection  

     Shirt 

     Short 

     Shoes 

 

 

2 (11.1) 

14 (77.8) 

0 (0.0) 

4 (22.2) 

2 (11.1) 

8 (44.4) 

14 (77.8) 

15 (83.3) 

15 (83.3) 

0 (0.0) 

15 (83.3) 

5 (27.8) 

8 (44.4) 

 

 

2 (20.0) 

6 (60.0) 

0 (0.0) 

3 (30.0) 

2 (20.0) 

7 (70.0) 

8 (80.0) 

10 (100) 

10 (100) 

0 (0.0) 

10 (100) 

1 (10.0) 

6 (60.0) 

 

 

0 (0.00) 

8 (100) 

0 (0.0) 

1 (12.5) 

0 (0.0) 

1 (12.5) 

6 (75.0) 

5 (62.5) 

5 (62.5) 

0 (0.0) 

5 (62.5) 

4 (50.0) 

2 (25.0) 

 

 

0.48 

0.10 

Not examined 

0.59 

0.48 

0.03 

1.00 

0.07   

0.07 

Not examined 

0.07 

0.12 

0.19 

a P value by Fisher Exact test 

 

Table 3.4: Crops currently grown by the farmers 

 

Crop Total (n=18) Sabah (n=10) Kelantan (n=8) P value a 

Cabbage, n (%) 2 (11.1) 2 (20.0) 0 (0.0) 0.48 

Chilli, n (%) 5 (27.8) 1 (10.0) 4 (50.0) 0.12 

Cucumber, n (%) 4 (22.2) 0 (0.0) 4 (50.0) 0.02 

Long bean, n (%) 2 (11.1) 1 (10.0) 1 (12.5) 1.00 

Mushroom, n (%) 1 (5.6) 1 (10.0) 0 (0.0) 1.00 

Mustard, n (%) 4 (22.2) 4 (40.0) 0 (0.0) 0.09 

Onion, n (%) 7 (38.9) 5 (50.0) 2 (25.0) 0.37 

Sweet potato, n (%) 8 (44.4) 3 (30.0) 5 (62.5) 0.34 

Tomato, n (%) 4 (22.2) 4 (40.0) 0 (0.0) 0.09 

a P value by Fisher Exact test 

 

3.2.5 Pesticides used by farmers during first day of current spraying week   

 

Table 3.5 shows the wide range of pesticides used by the farmers during first day of 

current spraying week. Eleven different types of pesticides consisting of fungicides, 

herbicides and insecticides, were used. Half of the farmers used a mixture of 
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chlorpyrifos + cypermethrin. There was no association between type of pesticides 

used and whether the farmer worked in Sabah or Kelantan. 

 

Table 3.5: Pesticides used by farmers during first day of current spraying week 

 

Type of pesticide Chemical class Total 

(n=18) 

Sabah 

(n=10) 

Kelantan 

(n=8) 

P value a 

Fungicides, n (%)  

      

 

Mancozeb 

Copper Oxychloride 

Propineb 

3 (16.7) 

1 (5.6) 

1 (5.6) 

2 (20.0) 

0 (0.0) 

0 (0.0) 

1 (12.5) 

1 (12.5) 

1 (12.5) 

1.00 

0.44 

0.44 

Herbicides, n (%)  Glyphosate 1 (5.6) 0 (0.0) 1 (12.5) 0.44 

Insecticides, n (%)  

      

 

 

 

Chlorpyrifos+ Cypermethrin 

Abamectin 

Cypermethrin 

Chlorpyrifos 

Deltamethrin 

Dimethoate 

Malathion 

10 (55.6) 

3 (16.7) 

2 (11.1) 

2 (11.1) 

2 (11.1) 

1 (5.6) 

1 (5.6) 

7 (70.0) 

2 (20.0) 

1 (10.0) 

1 (10.0) 

2 (20.0) 

0 (0.0) 

0 (0.0) 

3 (37.5) 

1 (12.5) 

1 (12.5) 

1 (12.5) 

0 (0.0) 

1 (12.5) 

1 (12.5) 

0.34 

0.59 

1.00 

1.00 

0.48 

0.44 

0.44 
a P value by Fisher Exact test 

 

Table 3.6 shows the number of pesticides used by the farmers during first day 

of spraying. The majority of the farmers used a single type of pesticide. There was no 

association between number of pesticides used and whether the farmer worked in 

Sabah or Kelantan. 

 

Table 3.6: Number of pesticides used by farmers during first day of current spraying week 

 

Number of pesticides used, 

n (%) 

Total  

(n=18) 

Sabah  

(n=10) 

Kelantan  

(n=8) 

P value a 

1 12 (66.7) 7 (70.0) 5 (62.5) 0.81 

2 3 (16.7) 1 (10.0) 2 (25.0)  

3 3 (16.7) 2 (20.0) 1 (12.5)  
a P value by Fisher Exact test 

 

 

3.2.6 Prevalence of self-reported symptoms within 48 hours of current spraying 

week among the farmers  

 

On the day before spraying, none of the farmers reported that they felt ill. Ten farmers 

(55.5%) reported at least one symptom within 48 hours after pesticide use with six 

different symptoms being reported by the farmers (Table 3.7). 27.7% of the farmers 

reported a cough and feeling generally ill, followed by feeling unusually tired (16.7%) 

and having a runny nose, stuffy, blocked or irritated nose (16.7%). Only two of the 
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farmers (11.1%) reported having a headache and sore throat. There was no significant 

difference in self-reported symptoms and whether farmers worked in Sabah or 

Kelantan.  

 

Table 3.7: Self-reported symptoms within 48 hours of current spraying week 

 

Symptoms, n (%) Total 

(n=18) 

Sabah 

(n=10) 

Kelantan 

(n=8) 

P value a 

Cough 

Feeling generally ill 

Feeling unusually tired 

Headache 

Runny, stuffy, blocked or irritated nose 

Sore throat 

5 (27.7) 

5 (27.7) 

3 (16.7) 

2 (11.1) 

3 (16.7) 

2 (11.1) 

4 (40.0) 

2 (20.0) 

2 (20.0) 

0 (0.0) 

2 (20.0) 

1 (10.0) 

1 (12.5) 

3 (37.5) 

1 (12.5) 

2 (25.0) 

1 (12.5) 

1 (12.5) 

0.31 

0.61 

1.00 

0.18 

1.00 

1.00 
a P value by Fisher Exact test 

 

Figure 3.2 shows the self-reported symptoms that were reported by the farmers 

on each day after the spraying week. A cough and sore throat occurred within 24 

hours of spraying and resolved after 72 hours. Four symptoms (runny nose, headache, 

feeling generally ill and feeling tired) occurred 24 hours after spraying. Runny nose 

and headache resolved on the same day and feeling generally ill and tired resolved 

after 48 hours of symptoms. There was no significant difference in self-reported 

symptoms and farmers who used chlorpyrifos + cypermethrin and those who did not 

(Data not shown).   

 

3.2.7 Level of urine metabolites of the farmers 

 

3.2.7.1 Frequency of urine samples containing detectable urinary metabolites 

 

Urine from farmers who reported using chlorpyrifos, cypermethrin, glyphosate or 

pyrethroids were analysed using methods as discussed in Section 2.5.3. In total, 18 

urine samples were analysed. The proportion of urines with detectable metabolites is 

shown in Figure 3.3. The percentage of urines with detectable 356TCP was 100% for 

both pre- and post-spraying samples (18/18). The percentage of urine samples 

containing detectable levels of tDCVA, 3PBA and glyphosate was higher post-

spraying (72.2% (13/18), 61.0% (11/18) and 44.4% (8/18), respectively) compared to
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Figure 3.2 Self-reported symptoms during spraying week 

(A) Cough, (B) Feeling generally ill, (C) Feeling unusually tired, (D) Headache, (E) Runny nose, and (F) Sore throat 

*Scale of Y-axis is difference between graphs  
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pre-spraying (61.0% (11/18), 55.5% (10/18) and 27.8% (5/18)), respectively. The 

percentage of urines with detectable levels of cDCVA was similar pre- and post-

spraying at 55.5% (10/18). Meanwhile, there was no detectable DBVA in urine 

samples from the farmers.  

 

Figure 3.3: The proportion of urines with detectable metabolites among the farmers 

 

3.2.7.2 Urinary metabolites among farmers who reported using or not using 

pesticides 

 

Table 3.8 provides information on the urinary levels of pesticides and their 

metabolites adjusted for urinary creatinine levels among farmers who either used or 

not used pesticides. The median concentrations of these metabolites varied. There 

were no significant differences between post- and pre-spray levels among both groups. 

There was no significant association between level of urine metabolites and self-

reported symptoms (Data not shown). 
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3.3 DISCUSSION  

 

This pilot study was a feasibility study used mainly to examine the study protocol on 

exposure to pesticides and health effects among farmers and describe the information 

obtained on demographic, work practices, self-reported symptoms and biological 

samples. This pilot study was successfully conducted among 18 fruit and vegetable 

farmers in Bachok, Kelantan and Ranau, Sabah, Malaysia where the main activities 

are agricultural.  

 

3.3.1 Statement of principal findings  

 

This pilot study has demonstrated that the study protocol is feasible with some 

amendments and seems to be acceptable to all the participating farmers except for the 

collection of semen samples. The response rate was highest in Bachok area (80.0%) 

compared to Ranau area (50.0%) and no dropouts were identified. All of the farmers 

were compliant with answering interviewing questionnaires, completed self-reported 

diary symptoms, videoing during spraying week, and urines collection. However, 

none of them agreed to provide a semen sample. 

 

3.3.2 Possible explanations of findings  

 

A high response rate was achieved especially in Bachok, which indicates that it would 

be feasible to conduct the main study in this area. Meanwhile, a lower response rate 

was achieved in Ranau. The low response rate in Ranau may be attributed to most of 

the farmers being Indonesian and agency workers and it was difficult to approach and 

then recruit them. Whereas in Bachok, all of the farmers were local Malay people. 

Despite an overall good response rate from farmers, none of them agreed to provide a 

semen sample even though one study has been previously conducted in Sabah (14). 

This is largely due to religious issues as the majority of participants were Muslim.  

 

The farmers usually combined different classes of pesticides in a single spray. 

Chlorpyrifos + cypermethrin were the most frequently used pesticides by the farmers 

in these two areas. These types of pesticides are class II (moderately hazardous) grade  
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pesticides (166). In contrast, small scale farmers in other developing counties such as 

Bolivia and Vietnam, are still exposed to class I pesticides such as carbamate, methyl 

parathion and methamidophos, which are extremely hazardous (167,168). This is 

because Malaysia has banned the use of class Ia (extremely hazardous) and Ib (highly 

hazardous) pesticides, especially in rice farming activities (132). In addition, in many 

developing countries, the main problem is lack of regulation for pesticide registration 

(169). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 3.4: The rice farmer using backpacker sprayer while spraying pesticide 

            

             During the spraying season, it is essential to have a proper sprayer. With 

regard to pesticide application procedures, a backpack sprayer was the most popular 

equipment used, but a few farmers did use an electric power sprayer. Figure 3.4 shows 

the rice farmer using backpacker sprayer while spraying pesticide. The main reasons 

why the farmers tended to use the backpack sprayer are because it is more practical 

and easier to carry since the farming area was only a small scale. The disadvantages of 

using a backpack sprayer that it is prone to leak especially between the pump and host  

and at the trigger valve (170). 
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Table 3.8: Urinary pesticide metabolites concentrations adjusted by urinary creatinine among farmers who either used or did not use a specific pesticide 

 

Pesticide/ 

Metabolite a 

Exposure Farmers who used pesticide  Farmers who did not use pesticide  

Median (Q1-Q3) mmol/mole creatinine; n  Median (Q1-Q3) mmol/mole creatinine; n  

Post-spray Pre-spray 

 

Δ(Post-spray-pre-

spray) 

Post-spray 

Median  

Pre-spray 

Median  

Δ(post-spray-pre-

spray) 

cDCVA Cypermethrin 0.2 (0.0-6.1); 12 0.5 (0.0-1.4); 12 b 0.0 (-0.5-4.4); 12 0.9 (0.0-2.1); 6 0.0 (0.0-0.8); 6 b 0.4 (-0.6-2.1); 6 c 

Glyphosate Glyphosate 0.0 (0.0-0.0); 1 0.0 (0.0-0.0); 1 b 
0.0 (0.0-0.0); 1 0.0 (0.0-0.3); 17 0.0 (0.0-0.3); 17 b 0.0 (0.0-0.1); 17 c 

3PBA Pyrethroid 0.6 (0.0-2.7); 14 0.3 (0.0-1.0); 14 b 0.1 (-0.3-1.0); 14 0.2 (0.0-2.4); 4 0.8 (0.0-3.9); 4 b -0.8 (-1.6-0.3); 4 c 

356TCP Chlorpyrifos  24.6 (10.8-49.0); 12 14.5 (9.1-42.7); 12 b 3.9 (0.4-10.8); 12 4.4 (3.2-42.5); 6 5.1 (3.5-38.7); 6 b -0.4 (-7.2-3.3); 6 c 

tDCVA Cypermethrin  0.6 (0.0-8.3); 12 0.7 (0.0-2.1); 12 b 0.0 (-0.9-0.6); 12 1.0 (0.2-3.1); 6 0.1 (0.0-1.0); 6 b 0.5 (-0.3-1.9); 6 c 

a Urinary metabolite level expressed as µmol/mole creatinine, b P value >0.05 by using Wilcoxin Signed Rank Test difference between post- and pre-spray level in farmers 

who used pesticide or did not used pesticide, c P value >0.05 by  Mann-Whitney U test difference in post- and pre-spray level between farmers who used and did not used 

pesticide. 
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The present study showed that majority of the farmers stored the pesticides in 

the garage. Figure 3.5 shows the garage where the farmers mainly store the pesticide. 

This practice is very good and reduces hazardous risks to children as well as other 

family members.   

 

 
 

Figure 3.5: The garage where the farmers mainly store the pesticide 

 

Farmers reported several symptoms during pesticide spraying. The results 

showed that the most common were respiratory symptoms such as cough, runny nose, 

and sore throat and neurology and nicotinic side effects such as headache, feeling 

generally ill and tired. The respiratory symptoms may have arisen because none of the 

participants wore a respiratory mask and only 22.3% wore a dust mask leaving their 

head and face exposed to pesticides. Respiratory symptoms are caused by smoking 

(171). However, the respiratory symptoms in this study were not aggravated by the 

smoking habit of the farmers, even though the majority of the farmers were active 

smokers. Having said that, there were no other reports related to the dermal, eye and 

also neuropsychiatric symptoms.  

 

The use of PPE during pesticide application was common among study 

farmers, but none of the farmers wore respiratory protection, goggles or chemically 
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resistant suits. The reasons for not using protective equipment during pesticide 

spraying were due to hot weather and discomfort, especially at midday. 

 

Based upon the five metabolites measured in the urine of the farmers, no 

significant differences in metabolite concentrations were observed between exposed 

and unexposed farmers. The statistical power to detect differences in urinary 

metabolite level was limited due to small sample size, which was not sufficient for 

robust statistical analysis. However, an interesting observation is the level of 

detectable metabolites in this study was higher for four metabolites namely 356TCP, 

tDCVA, 3PBA and cDCVA, which may indicate that the farmers were exposed 

occupationally to pesticide. 

 

3.3.3 Limitations of pilot study and recommendations for main study  

 

The pilot study identified several limitations that needed to be addressed for the main 

study. These changes were based on information that was obtained while conducting 

the pilot study and were anticipated to improve the study protocol, the accuracy of the 

responses and the clarity of some of the sections. This is believed to be beneficial to 

the participants and the research team.  

 

The proposed changes include;  

 

a) Study setting 

 

The study setting should be changed to Kelantan state rather than be in Sabah. The 

rationale for this change was the lower participation rate in Sabah in part because the 

farmers in this area were difficult to approach and recruit which we ascribed to them 

not being native Malay but largely Indonesian and agency workers. A change in area 

to one with more Malay farmers is thus proposed to improve the response rate. 
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b) An additional collection of biological samples 

 

No man was willing to provide a semen sample. Hence, a saliva sample should be 

collected to assess male reproductive function by measuring testosterone level. The 

alternative approach of collecting a blood sample was rejected because a saliva sample 

is easier and more convenient to collect and is non-invasive. This approach would not 

have the same level of anxiety and discomfort associated with blood sampling. In 

addition, the samples can be collected at home without going to a clinic. 

 

b) Changes in questionnaire administration 

 

Two, rather than three, questionnaires should be used for the main study. This can be 

achieved by combining the initial screening questionnaire with the interview 

questionnaire. This is suggested because most of the farmers did not complete the 

screening questionnaire. Some of the questions in the questionnaires were identified as 

being unclear and needed minor changes to the wording. The rationale for the changes 

was to clarify certain questions or remove unsuitable and unclear questions that had 

no response in the pilot study. 

 

3.4 CONCLUSION  

 

This chapter had demonstrated the importance of conducting a pilot study. Overall, 

this pilot study provided useful information on various aspects of the feasibility of 

conducting a study to collect biological samples among the farmers. The original 

intention was to collect semen samples, but that was not feasible. Otherwise, this 

study found the farmers appear to be exposed to the pesticide occupationally as 

suggested by the high level of detectable metabolites in urinary samples and was 

supported by health symptoms occurring after pesticide use. Further studies are 

needed to determine the association between exposure and health symptoms. So, this 

pilot study has provided clear ideas to the research team for improving the study 

protocol and expanding this into a more extensive study (main study) as described 

later. 
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CHAPTER 4: DEMOGRAPHICS, WORKING PRACTICES, PESTICIDE 

EXPOSURE AND HEALTH STATUTS OF FARMERS – THE MAIN STUDY 

 

 

4.1 INTRODUCTION 

 

The use of pesticides plays a pivotal role in countries like Malaysia where agriculture 

is an important contributor to the country’s income. However, the use of pesticides 

can be accompanied by health issues and occupational exposure to pesticides can be 

an important exposure pathway for farmers. When farmers are exposed to a pesticide, 

it is important to recognise risk factors associated with pesticide exposure such as 

duration, frequency and intensity of application, method used, safety and hygienic 

behaviours (58–60).  

 

Various ways of assessing exposure to pesticides have been described such as 

using semi-quantitative assessments such as predictive algorithms (113,117), DREAM 

(120) and also quantitative assessment such as biomarkers (74). In many developing 

countries, there is a lack of occupational hygiene regulations and semi-quantification 

dermal exposure to pesticide more widely used than quantitative assessment.   

 

The pilot study suggested that the Malaysian farmers were exposed to 

pesticides during pesticide handing. This suggests a potential public health impact that 

may be widespread in the country. However, the amount of information in this pilot 

study was limited mainly due to small sample size which may be unrepresentative. 

This suggests the need for further studies on assessing pesticide exposure and health 

effects among farm workers, including a focus on improved exposure assessment. 

Hence, a larger study was carried out in Malaysian farmers to assess pesticide 

exposure Pesticide exposure is considered a global health problem and this issue is 

even more obvious in developing countries such as Malaysia, where it is a serious 

concern as it can adversely affect occupationally exposed workers such as farmers. 

However, pesticide exposure does not get a serious amount of attention from 

authorities as the chronic health effects are initially subtle (172).  
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4.1.1 Aims and objectives  

 

The overall aim of the main study was to determine associations between pesticide 

exposure and acute ill-health in farmers. In this chapter, the demographics of the study 

population are described together with their working practices, chronic ill-health and 

pesticide exposure and determinants of this exposure are examined. 

 

The specific objectives of the work in this chapter were to  

 

a) Describe the demographics of the farmers across the different farm types 

b) Describe working practices of the farmers during previous spraying sessions 

across the different farm types  

c) Adapt existing AHS and EFS pesticide exposure intensity algorithm models to 

the study population to estimate pesticide exposure intensity scores 

d) Estimate pesticide exposure based on dermal exposure using (DREAM) 

e) Determine the correlation between the DREAM score and AHS and EFS 

pesticide exposure intensity algorithm scores   

f) Determine the associations between AHS and EFS pesticide exposure intensity 

scores and DREAM scores and demographics 

g) Quantify the level of urine metabolites pre- and post-spraying and determine 

the relationship between the level of urine metabolites and demographic 

factors and pesticide exposure  

h) Investigate the nature of ill-health  

i) Estimate the prevalence of somatic and neuropsychiatric ill-health including 

Parkinsonism, neuropathy, depression and dementia 

j) Examine the associations between ill health and demographic factors, working 

practices during previous spraying sessions and pesticide exposure 

 

4.2 RESULTS  

 

The data in this study were based on either previous spraying session or current 

spraying week. For the previous spraying session, the information was collected by 

the interview questionnaire, taken during the second visit. For current spraying week, 
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the information was based on either the spraying diary or the DREAM questionnaire 

which was collected during third or fourth visit. 

 

4.2.1 Demographics and working practices of farmers  

 

4.2.1.1 Response rate 

 

Figure 4.1 shows the response rate of the main study population. There were 210 

farmers who met the inclusion criteria and who farmed rice or vegetables and fruits. 

Of these 210 eligible farmers, 174 responded to the invitation and there were 36 non 

responders due to being unable to contact them. A total of 150 farmers agreed to 

participate in the study. Twenty-four eligible farmers were excluded because they 

were not interested (n=14) or did not spray (n=10). All of the farmers completed the 

study without loss of follow up. 

 

 

Figure 4.1: The response rate of the main study population 
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4.2.1.2 Demographics characteristics of the farmers 

 

Table 4.1 shows the demographic characteristic of farmers. The mean  SD age of the 

farmers was 47.6 15.8 years with ages ranging between 17 and 81 years old, which 

was similar between the rice and vegetable/fruit farmers. All of the farmers that 

participated in this study were male and almost exclusively Malay. Most of them were 

married (80.7%), had completed a secondary education level (58.0%), had a low 

income (58.0%) and were current or ex-smokers (70.0%). 13.4% of vegetable/fruit 

farmers had had tertiary education compared to only 3.6% of rice farmers (p<0.05). 

 

Table 4.1: The characteristic of farmers 

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ 

Fruit (n=67) 
P value 

Age, yrs 

     Mean SD 

     Min-Max 

 

47 15.8 

17-81 

 

47.7 16.4 

17-77 

 

47.4 15.2 

22-81 

0.89 a 

Ethnicity, n (%) 

     Malay  

     Other 

 

149 (99.3) 

1 (0.7) 

 

82 (98.8) 

1 (1.2) 

 

67 (100) 

0 (0.0) 

1.00 b 

BMI, n (%) 

     Under weight 

     Normal weight  

     Overweight 

     Obesity 

 

10 (6.7) 

96 (64.0) 

37 (24.7) 

7 (4.6) 

 

8 (9.6) 

55 (66.3) 

17 (20.5) 

3 (3.6) 

 

2 (3.0) 

41 (61.1) 

20 (29.9) 

4 (6.0) 

0.23 b 

Marital status, n (%) 

     Single 

     Married 

     Widowed/Divorced 

 

26 (17.3) 

121 (80.7) 

3 (2.0) 

 

14 (16.9) 

68 (81.9) 

1 (1.2) 

 

12 (17.9) 

53 (79.1) 

2 (3.0) 

0.83 b 

Educational level, n (%) 

     Never been to school  

     Primary school  

     Secondary school  

     University  

 

10 (6.7) 

41 (27.3) 

87 (58.0) 

12 (8.0) 

 

4 (4.8) 

21 (25.3) 

55 (66.3) 

3 (3.6) 

 

6 (9.0) 

20 (29.9) 

32 (47.8) 

9 (13.4) 

<0.05 b 

Income per month, n (%) 

     Low income  

     Middle income  

 

87 (58.0) 

63 (42.0) 

 

46 (55.4) 

37 (44.6) 

 

41 (61.2) 

26 (38.8) 

0.79 c 

Diet habit, n (%) 

     Meat and fish eater 

     Fish eater  

 

147 (98.0) 

3 (2.0) 

 

81 (97.6) 

2 (2.4) 

 

66 (98.5) 

1 (1.5) 

1.00 b 

Smoking status, n (%) 

     Current smoker 

     Ex-smoker 

 

90 (60.0) 

15 (10.0) 

 

47 (56.6) 

11 (13.3) 

 

43 (64.2) 

4 (5.9) 

0.97 c 
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     Non-smoker  45 (30.0) 25 (30.1) 20 (29.9) 

Age start smoking in current or ex-

smokers, yrs (n=105) 

     Mean SD 

     Min-Max  

 

 

19.3 6.4 

12-50 

 

 

18.7 7.0 

12-50 

 

 

20.0 5.6 

13-42 

0.32 a 

Cigarettes per day smoked by 

current smokers, sticks (n=90) 

    Mean SD 

     Min-Max 

 

 

14.9 9.3 

1-60 

 

 

15.6 11.0 

1-60 

 

 

14.0 7.0 

2-25 

0.41 a 

a P value by Independent T-test, b P value by Fisher Exact test, c P value by Chi-Square test 

 

4.2.1.3 Occupational histories information and work practices during previous 

spraying sessions 

 

Table 4.2 provides information on farmers’ occupational histories and work practices 

during previous spraying sessions. Rice farmers have larger farms than vegetable/fruit 

farmers with a median (Q1-Q3) size of a rice farm being 8.0 (4.0-17.0) acres and for 

vegetable/fruit farmers 2.0 (1.0-3.0) acres (p<0.01).  

 

The duration of spraying per day and per week was higher for rice farmers 

than vegetable/fruit farmers. The majority of the rice farmers sprayed 2-3 days a week 

while most of the vegetable/fruit farmers sprayed one day or less in a week (p<0.01). 

Rice farmers sprayed with median (Q1-Q3) of 2.0 (1.0-2.0) hours per day, while 

vegetable/fruit farmers sprayed with median (Q1-Q3) of 1.0 (1.0-2.0) hours per day 

(p<0.01).  

 

Among rice farmers, 49.4% used a backpacker sprayer whereas 97.0% of 

vegetable/fruit farmers used a backpacker sprayer (p<0.01). 26.5% of rice farmers and 

14.9% of the vegetable and fruit farmers were a bystander when a field was sprayed 

(p=0.03).  

 

32.5 % of rice farmers had experienced an incident while using pesticides 

compared to only 13.4% of vegetable/rice farmers (p<0.01). More than 70.0% of 

incidents were due to leakage of the pesticide and the remaining was due to spillage of 

the pesticide. These incidents occurred less than one day per month for all farmers 

who were involved. 
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Table 4.2 Occupational histories and working practices of the farmers  

during previous spraying sessions 

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ 

Fruit (n=67) 
P value 

Age start working, yrs 

     Median (Q1-Q3)  

 

18 (15.0- 18.0) 

 

18 (15.0-20.0) 

 

18 (16.0-20.0) 

0.30 a 

Duration work as farmers, yrs 

     Median (Q1-Q3) 

 

    20 (6.0-20.0) 

 

20 (6.0-36.0) 

 

18 (7.0-18.0) 

1.00 a 

Farm size, acres 

      Median (Q1-Q3) 

 

4.0 (2.0-4.0) 

 

8.0 (4.0-17.0) 

 

2.0 (1.0-3.0) 

<0.01 a 

Farm owner, n (%) 

      Yes  

      No 

 

148 (98.7) 

2 (1.3) 

 

81 (97.6) 

2 (2.4) 

 

67 (100) 

0 (0.0) 

1.00 b 

Task involved, n (%) 
     Diluting concentrate 

     Preparation 

     Spraying  

 
147 (98) 

148 (98.7) 

150 (100) 

 
80 (96.4) 

81 (97.6) 

83 (100) 

 
67 (100) 

67 (100) 

67 (100) 

 
0.25 b 

0.50 b 

Spraying per day, hour 

     Median (Q1-Q3) 

 

2.0 (1.0-2.0) 

 

2.0 (1.0-2.0) 

 

1.0 (1.0-2.0) 

<0.01 a 

Days sprayed per week, n (%) 
     1 day or less  

     2-3 days 

     4-5 days  
     6-7 days  

 
38 (25.3) 

83 (55.3) 

19 (12.7) 
10(6.7) 

 
7 (8.4) 

54 (65.1) 

14 (16.9) 
8 (9.6) 

 
31 (46.2) 

29 (43.3) 

5 (7.5) 
2 (3.0) 

<0.01 b 

Mixing pesticide, n (%) 

     <50% of time 

     >50% of time  

 

5 (3.3) 

145 (96.7) 

 

2 (2.4) 

81 (97.6) 

 

3 (4.5) 

64 (95.5) 

0.66 b 

Type of mixing system, n (%) 

    Enclosed  
    Open  

 

0 (0.0) 
150 (100) 

 

0 (0.0) 
83 (0.0) 

 

0 (0.0) 
67 (100) 

Not 

examined 

Application methods, n (%) 

     Backpack sprayer 
     Power sprayer 

     Blower  

 

106 (70.7) 
20 (13.3) 

24 (16.0) 

 

41 (49.4) 
18 (21.7) 

24 (28.9) 

 

65 (97.0) 
2 (3.0) 

0 (0.0) 

<0.01 b 

Stored pesticides  

   In home  
   In garage  

   In attached out building  

   In the field  

 

13 (8.7) 
87 (58.0) 

27 (18.0) 

22 (14.7) 

 

7 (8.4) 
55 (66.3) 

13 (15.7) 

8 (9.6) 

 

6 (6.1) 
32 (48.5) 

14 (21.2) 

14 (21.2) 

0.11 c 

Bystander at field being sprayed, n (%) 

     Yes 

     No 

 

32 (21.3) 

118 (78.7) 

 

22 (26.5) 

61 (73.5) 

 

10 (14.9) 

57 (85.1) 

0.03 c 

Re-enter into pesticide sprayed field, n 
(%) 

     Yes 

     No 

 
 

38 (25.3) 

112 (74.7) 

 
 

18 (21.7) 

65 (78.3) 

 
 

20 (29.9) 

47 (70.1) 

0.25 c 

Incident while using pesticide, n (%) 

     Yes 
     No 

 

36 (24.0) 
114 (76.0) 

 

27 (32.5) 
56 (67.5) 

 

9 (13.4) 
58 (86.6) 

<0.01c 

Nature of incident (n=36),  
n (%) 

     Leakage                                     

     Spillage 

 
 

26 (72.2) 

10 (27.8) 

 
 

19 (70.4) 

8 (29.6) 

 
 

7 (77.8) 

2 (22.2) 

1.00 b 

 

Frequency of incident (n=36), n (%) 

     Less than one day per month 

 

36 (100) 

 

27 (100) 

 

9 (100) 

Not 

examined 

a P value by Mann-Whitney U test, b P value by Fisher Exact test, c P value by Chi-Square test 

 

4.2.1.4 Cultivated crops  

 

Table 4.3 shows the type of crops currently grown or typically grown each year by the 

farmers and the mean number of harvests per year. In the study period, 15 different 

crops were cultivated. Eighty-three of the farmers grew rice only while the remaining 



 

93 

farmers grew either vegetables or fruits. Most of the vegetable and fruit farmers 

practiced mixed crop farming which includes the production of multiple crops in the 

same field at any given time.  

 

             Corn was the main vegetable grown by the fruit/vegetable farmers, followed 

by okra, cucumber, gourd, chilli, long bean, kale, eggplant, pumpkin, sweet potato and 

tobacco. Watermelon was the main fruit grown by fruit/vegetable farmers, followed 

by bitter melon and soursop. 

 

Table 4.3: Crops grown currently, per year and mean number of harvests per year 

 

Crop Current crop, n (%) Crop grown per year, 

n (%) 

Mean number harvest per 

year  (Min-Max) 

Bitter melon 2 (1.3) 2 (1.3) 1.5 0.7 (1-2) 

Chilli 11 (7.3) 12 (8.0) 2.3 2.5 (1-10) 

Corn  29 (19.3) 32 (21.3) 2.5 0.8 (1-4) 

Cucumber 20 (13.3) 29 (19.3) 2.0 0.9 (1-3) 

Eggplant 7 (4.7) 8 (5.3) 2.1 1.1 (1-4) 

Gourd 14 (9.3) 16 (10.7) 2.1 0.8 (1-4) 

Kale 8 (5.3) 9 (6.0) 1.1 0.3 (1-2) 

Long bean 9 (6.0) 10 (6.7) 2.7 0.8 (1-4) 

Okra 23 (15.3) 32 (21.3) 2.1 0.8 (1-4) 

Pumpkin 5 (3.3) 8 (5.3) 1.4 0.7 (1-3) 

Rice  83 (55.3) 83 (55.3) 2.0 0.2 (1-2) 

Soursop 1 (0.7) 1 (0.7) 1 

Sweet potato 5 (3.3) 5 (3.3) 2.0 0.7 (1-3) 

Tobacco 3 (2) 4 (2.7) 1.8 0.5 (1-2) 

Watermelon 3 (2.0) 8 (5.3) 2.1 1.0 (1-3) 

 

4.2.1.5   PPE used and clothes worn during previous spraying sessions 

 

Table 4.4 shows PPE used and clothes worn by the farmers during previous spraying 

session. Out of 150 farmers, 76.0% of them used PPE and this percentage was similar 

between rice and vegetable/fruit farmers. The vegetable/fruit farmers wore chemical 

resistant boots more than rice farmers (p=0.04).  
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Table 4.4: PPE used and clothes worn during previous spraying session 

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ 

Fruit (n=67) 

P 

value 

PPE used, n (%) 

     Yes 

     No 

 

114 (76.0) 

36 (24.0) 

 

62 (74.7) 

21 (25.3) 

 

52 (77.6) 

15 (22.4) 

0.68 a 

Clothes worn when pesticide sprayed, 

 n (%) 

     Hat 

     Goggle 

     Dusk mask 

     Face shield  

     Gloves  

     Long sleeve shirt 

     Shirt 

     Apron  

     Chemical resistant suit 

     Long trousers 

     Short 

     Chemical resistant boots  

     Shoes 

 

 

118 (78.7) 

7 (4.7) 

33 (22) 

11 (7.3) 

35 (23.3) 

122 (81.3) 

36 (24.0) 

1 (0.7) 

6 (4.0) 

140 (93.3) 

10 (6.7) 

121 (80.7) 

19 (12.7) 

 

 

68 (81.9) 

3 (3.6) 

21 (25.3) 

8 (9.6) 

17 (20.5) 

67 (80.7) 

19 (22.9) 

1 (1.2) 

5 (6.0) 

77 (92.8) 

6 (7.2) 

62 (74.7) 

9 (10.8) 

 

 

50 (74.6) 

4 (6.0) 

12 (17.9) 

3 (4.5) 

18 (26.9) 

55 (82.1) 

17 (25.4) 

0 (0.0) 

1 (1.5) 

63 (94) 

4 (6.0) 

59 (88.1) 

10 (14.9) 

 

 

0.28 a 

0.70 b 

0.28 a 

0.35 b  

0.36 a 

0.83 a 

0.72 a 

1.00 b 

0.23 b 

1.00 a 

1.00 b 

0.04 a 

0.46 a 

a P value by Chi-Square test, b P value by Fisher Exact test 

 

4.2.1.6 Part of body in contact with pesticides during previous spraying sessions 

 

 Table 4.5 shows the body parts that were in contact with pesticides during previous 

spraying sessions. Vegetable/fruit farmers reported being contaminated on their head 

(p= 0.02), back of torso (p<0.01), upper legs (p=0.04), lower legs (p<0.01) and feet (p 

<0.01) more than rice farmers.  

 

 

Table 4.5: Body contact with pesticides during previous spraying session 

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable 

/Fruit (n=67) 

P value 

Part of body in contact with pesticide, n 

(%) 

     Head 

     Upper arms 

     Fore arms 

     Hands 

     Front of torso 

     Back of torso 

     Upper legs  

     Lower legs 

     Feet 

 

 

50 (33.3) 

1 (0.7) 

37 (24.7) 

117 (78.0) 

11 (7.3) 

26 (17.3) 

10 (6.7) 

39 (26.0) 

54 (36.0) 

 

 

21 (25.3) 

0 (0.0) 

17 (20.5) 

66 (79.5) 

7 (8.4) 

7 (8.4) 

2 (2.4) 

12 (14.5) 

22 (26.5) 

 

 

29 (43.3) 

1 (1.5) 

20 (29.9) 

51 (76.1) 

4 (6.0) 

19 (28.4) 

8 (11.9) 

27 (40.3) 

32 (47.8) 

 

 

0.02 a 

0.45 b 

0.19 a 

0.62 a 

0.76 b 

<0.01 a 

0.04 b 

<0.01 a 

<0.01 a 

a P value by Chi-Square test, b P value by Fisher exact test 
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4.2.1.7 Post work hygienic behaviour of farmers during previous spraying 

sessions 

 

Table 4.6 shows the washing and showering behaviours of the farmers during 

previous spraying sessions.  

 

Table 4.6: Washing and showering behaviours during previous spraying session 

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ 

Fruit(n=67) 

P value 
a 

Change into clean clothes, n (%) 

    Right away 

    Later at the end of the day 

    Next day or later in the week 

 

146 (97.3) 

2 (1.3) 

2 (1.3) 

 

81 (97.6) 

2 (2.4) 

0 (0.0) 

 

65 (97) 

0 (0.0) 

2 (3.0) 

0.16  

Shower after spraying pesticide, n (%) 

   Right away 

   Later at the end of the day 

 

146 (97.3) 

4 (2.7) 

 

81 (97.6) 

2 (2.4) 

 

65 (97.0) 

2 (3.0) 

1.00  

Wash hand/arm after spraying pesticide,  

n (%) 

  Right away 

  Later at the end of the day 

 

 

149 (99.3) 

1 (0.7) 

 

 

83 (100) 

0 (0.0) 

 

 

66 (98.5) 

1 (1.5) 

0.45  

a P value by Fisher Exact test 

 

More than 95.0% of the farmers changed into clean clothes, showered and 

washed their hands/arms right away. There were no statistically significant differences 

in washing and showing behaviours of the rice and vegetable/fruit farmers. 

 

Table 4.7 shows whether farmers repaired or cleaned equipment after spraying 

during previous spraying session. More vegetable/fruit farmers (98.5%) repaired 

equipment than rice farmers (41%: p<0.01). 

 

However, 86.7% of the rice farmers washed or cleaned equipment compared to 

70.1% of vegetable/ fruit farmers (p=0.01). Among those who washed equipment, 

more vegetable/fruit farmers always cleaned equipment (p=0.01) and used water and 

soap to clean the equipment (p<0.01). 

 

4.2.1.8 Prevalence of pesticide used in first day of current spraying week 

 

Table 4.8 shows the number of pesticides used on the first day of current spraying 
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Table 4.7: Repaired and cleaning equipment after spraying during previous spraying session  

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ 

Fruit (n=67) 

P value 

Repair spraying or mixing equipment,  

n (%) 

     Yes 

     No 

 

 

100(66.7) 

50 (33.3) 

 

 

34 (41.0) 

49 (59.0) 

 

 

66 (98.5) 

1 (1.5) 

<0.01 a 

Clean equipment after pesticide use,  

n (%) 

     Yes 

     No 

 

 

119 (79.3) 

31 (20.7) 

 

 

72 (86.7) 

11 (13.3) 

 

 

47 (70.1) 

20 (29.9) 

0.01 b 

Frequency of cleaning spraying  

equipment (n=119), n (%)      

     Always 

     Most of the times 

     Half of the times 

     Sometimes  

 

 

28 (23.5) 

19 (16.0) 

5 (4.2) 

67 (56.3) 

 

 

12 (16.7) 

8 (11.0) 

3 (4.2) 

49 (68.1) 

 

 

16 (34.0) 

11 (23.4) 

2 (4.3) 

18 (38.3) 

0.01 a 

Place of cleaning spraying equipment  

(n=119), n (%) 

     Farm 

     Home 

 

 

89 (74.8) 

30 (25.2) 

 

 

57 (79.2) 

15 (20.8) 

 

 

32 (68.1) 

15 (31.9) 

0.18 b 

Activity when cleaning spraying  

equipment (n=119), n (%)  

     Hose down the sprayer 

     Clean nozzle 

     Rinse tank  

 

 

3 (2.5) 

3 (2.5) 

113 (95.0) 

 

 

1 (1.4) 

2 (2.8) 

69 (95.8) 

 

 

2 (4.3) 

1 (2.1) 

44 (93.6) 

0.61 a 

Material used to clean the equipment  

(n=119), n (%)         

     Sand only 

     Water only 

     Water and soap 

     Cleaning agent 

 

 

1 (0.8) 

102 (85.8) 

15 (12.6) 

1 (0.8) 

 

 

0 (0.0) 

69 (95.8) 

3 (4.2) 

0 (0.0) 

 

 

1 (2.1) 

33 (70.2) 

12 (25.5) 

1 (2.1) 

<0.01 a 

a P value by Fisher Exact test, b P value by Chi-Square test 

 

 

week. More than half of the farmers used two or more types of pesticide. On average, 

two pesticides were used with a maximum of six pesticides used by the same 

individual. This can be observed especially among rice farmers. The vegetable/fruit 

farmers used a single type of pesticide more than rice farmers (p<0.01). The most 

frequently used type of pesticide was insecticides. 80.7% of the farmers used 

insecticides and more than 50.0% of them used a single type of insecticide. Rice 

farmers tended to use more insecticides than vegetable/fruit farmers (p=0.02).  
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Table 4.8: Pesticides used during first day of current spraying week  

 

 

Pesticide used 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ Fruit 

(n=67) 

P 

Value a 

Number of pesticides used, n (%)  

   1   

   2 

   3 

   4 

   5 

   6 

 

62 (41.3) 

58 (38.7) 

18 (12.0) 

7 (4.7) 

1 (0.6) 

4 (2.7) 

 

19 (22.9) 

36 (43.4) 

16 (19.3) 

7 (8.4) 

1 (1.2) 

4 (4.8) 

 

43 (64.2) 

22 (32.8) 

2 (3.0) 

0 (0.0) 

0 (0.0) 

0 (0.0) 

<0.01 

Number of Insecticides used, n (%) 

    0 

    1 

    2 

    3 

 

29 (19.3) 

71 (47.3) 

42 (28.1) 

8 (5.3) 

 

16 (19.3) 

31 (37.3) 

29 (34.9) 

7 (8.4) 

 

13 (19.4) 

40 (59.7) 

13 (19.4) 

1 (1.5) 

0.02 

Number of Herbicides used, n (%) 

    0 

    1 

    2 

    4 

 

121 (80.7) 

21 (14.0) 

7 (4.7) 

1 (0.6) 

 

66 (79.5) 

9 (10.8) 

7 (8.5) 

1 (1.2) 

 

55 (82.1) 

12 (17.9) 

0 (0.0) 

0 (0.0) 

<0.01 

Number of Fungicides used, n (%)  

    0 

    1 

    2 

    3 

 

97 (64.7) 

39 (26.0) 

10 (6.6) 

4 (2.7) 

 

41 (49.5) 

29 (34.9) 

9 (10.8) 

4 (4.8) 

 

56 (83.6) 

10 (14.9) 

1 (1.5) 

0 (0.0) 

<0.01 

a P value by Fisher Exact test 

 

19.3% of the farmers used herbicides and all vegetable and fruit farmers used a 

single type of herbicide. 35.3% of the farmers used fungicides and the majority of 

them used a single type of fungicide. Rice farmers tended to use more herbicides and 

fungicides than vegetable/fruit farmers (p<0.01). 

 

Table 4.9 lists the pesticides used by the farmers during first day during 

spraying week. More than 20 different types of classes of pesticides were used 

including carbamates OPs, pyrethroids, azoles and macrocyclic lactones. The use of 

tricylazone (p<0.01), isoprothiolane (p=0.02), chlorpyrifos/cypermethrin (p=0.01), 

fentin acetate (p=0.03), lambda cyhalothion (p<0.01), chlorantraniliprole (p<0.01) and 

pymetrozine (p=0.03) was more common among rice farmers than vegetable/fruit 

farmers. Meanwhile, the use of flubendiamide (p<0.01), paraquat dichloride (p<0.01), 

abamectin (p<0.01), imidacloprid (p<0.01) was more common among vegetable/fruit 

farmers than rice farmers. 
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Table 4.9: Pesticides used by the farmers on first day of spraying week 

 

 

Chemical family /Mode of action 

 

Active ingredient 

Pesticide type 

(Activity) 

Total 

(n =150) 

Type of farming 

Rice 

(n= 83) 

Vegetable/ 

Fruit (n =67) 

P 

value a 

Alpha-chloroacetamides (Inhibition of 

very long chain fatty acid synthesis 

Group:15) 

Pretilachlor 

 

Herbicide 

 

1 (0.7) 

 

1 (1.2) 

 

0 (0.0) 

 

1.00 

 

Amides (Inhibition of photosynthesis at 

PS-II-Serine 264 binders- Group:5) 

Propanil Herbicide 2 (1.3) 2 (2.4) 0 (0.0) 0.50 

Alpha-chloroacetamides (Inhibition of 

very long chain fatty acid synthesis- 

Group:15)/ 

Pyrimidinyl benzoates (Inhibition of 

acetolactate synthase- Group:2) 

Pretilachlor/Pyribenzoxim Herbicide 1 (0.7) 1 (1.2) 0 (0.0) 1.00 

Acylananine (Disrupt nucleic acid 

synthesis) /Carbamate 

Mancozeb (Unknown MoA) 

Metalaxy/Mancozeb Fungicide 1 (0.7) 1 (1.2) 0 (0.0) 1.00 

Methoxy-acrylate (Inhibition of quinone 

outside- Group 3C) 

Azoxystrobin Fungicide 1 (0.7) 1 (1.2) 0 (0.0) 1.00 

Methoxy-acrylate (Inhibition of quinone 

outside- Group 3C)/ Triazoles 

(Demethylation inhibitor –Group 1G) 

Azoxystrobin/ Difenoconazole Fungicide 8 (5.3) 6 (7.2) 2 (3.0) 0.30 

Benzimidazole (Inhibition of cytoskeleton 

and motor protein- Group 1B) 

Carbendazim 

 

Fungicide 

 

5 (3.3) 

 

4 (4.8) 

 

1 (1.5) 

 

0.38 

 

Triazoles (Demethylation inhibitor –Group 

1G) 

 

Difenoconazole 

Epoxiconazole 

Tricyclazone 

Fungicide 

Fungicide 

Fungicide 

2 (1.3) 

1 (0.7) 

9 (6.0) 

1 (1.2) 

1 (1.2) 

9 (10.8) 

1 (1.5) 

0 (0.0) 

0 (0.0) 

1.00 

1.00 

<0.01 

Benzoylureas (Inhibitors of chitin 

biosynthesis affectinmg CHS 1- Group 15) 

Flufenoxuron 

Lufenuron 

Insecticide 

Insecticide 

4 (2.7) 

2 (1.3) 

0 (0.0) 

1 (1.2) 

4 (6.0) 

1 (1.5) 

0.04 

1.00 

Carbamate (Inhibitor of 

Acetylcholinesterase- Group 1A) 

 

 

Flubendiamide 

Formetanate 

Mancozeb 

Pyraclostrobin 

Propamocard hydrochloride 

Insecticide 

Insecticide 

Fungicide 

Fungicide 

Fungicide 

19 (12.7) 

1 (0.7) 

9 (6.0) 

1 (0.7) 

1 (0.7) 

18 (21.7) 

0 (0.0) 

5 (6.0) 

1 (1.2) 

0 (0.0) 

1 (1.5) 

1 (1.5) 

4 (6.0) 

0 (0.0) 

1 (1.5) 

<0.01 

0.45 

1.00 

1.00 

0.45 
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Propineb Fungicide 10 (6.7) 8 (9.6) 2 (3.0) 0.19 

Carbamate (Inhibitor of 

Acetylcholinesterase- Group 1A)/ 

Benzimidazole (Inhibition of cytoskeleton 

and motor protein- Group 1B) 

Mancozeb/Carbendazim Fungicide 3 (2.0) 3 (3.6) 0 (0.0) 0.25 

Pyridinium (PS I electrone diversion-

Group 22) 

Paraquat Dichloride Herbicide 11 (7.3) 0 (0.0) 11 (16.4) <0.01 

Avermectin (Allosteric modulator for 

Glutamate-gated chloride channel- Group 

6) 

Abamectin Insecticide 10 (6.7) 0 (0.0) 10 (14.9) <0.01 

Phosphorothiolate  ( Inhibitor for 

phospholipid biosynthesis- Group 6) 

Isoprothiolane Fungicide 7 (4.7) 7 (8.4) 0 (0.0) 0.02 

Bacillus thuringiensis 

( Microbial distruptos of insect midgut 

membranes- Group 11A) 

Bacillus Thuringiensis Insecticide 3 (2.0) 0 (0.0) 3 (4.5) 0.09 

Neonicotiniods (Competative modulators 

for nicotinic acetylcholine receptor 

(nAChR)- Group 4A) 

Imidacloprid 

Acetamiprid 

Insecticide 

Insecticide 

9 (6.0) 

1 (0.7) 

0 (0.0) 

0 (0.0) 

9 (13.4) 

1 (1.5) 

<0.01 

0.45 

Neonicotiniods (Competative modulators 

for nicotinic acetylcholine receptor 

(nAChR)- Group 4A)/ Pyrethroid 

(Modulator for sodium channel-Group 3A) 

Imidacloprid/Beta-Cyfluthrin Insecticide 1 (0.7) 0 (0.0) 1 (1.5) 0.45 

Neonicotinoid/Diamine (Modulator for 

ryanodine recepotor-Group 28) 

Thiamethoxam/Chloraniliprole Insecticide 6 (4.0) 4 (4.8) 2 (3.0) 1.00 

Nereistoxin analogues (Blocker of 

nicotinic acetylcholine receptor- Group 14) 

Cartap hydrochloride Insecticide 1 (0.7) 1 (1.2) 0 (0.0) 1.00 

Aryloxyphenoxy-propionates (Inhibition of 

acetyl coa carboxylase- Group 1) 

Fenoxaprop ethyl Herbicide 2 (1.3) 2 (2.4) 0 (0.0) 0.50 

Benzoylurea ( Inhibition of chitin 

biosynthesis affecting CHS 1- Group 15) 

Chlorfluazuron 

 

Insecticide 

 

1 (0.7) 

 

0 (0.0) 

 

1 (1.5) 

 

0.45 

 

METI acaricide (Inhibitors for 

mitochondrial complex I electron transport 

– Group 21A) 

Pyridaben Insecticide 1 (0.7) 0 (0.0) 1 (1.5) 0.45 

Organophosphate (Inhibition of 

Acetylcholinesterase- Group 1B) 

Chlorpyrifos 

Dimethoate 

Insecticide 

Insecticide 

10 (6.7) 

3 (2.0) 

5 (6.0) 

0 (0.0) 

5 (7.5) 

3 (4.5) 

1.00 

0.09 
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 Fenthion 

Glyphosate isopropylamine 

Malathion 

Insecticide 

Herbicide 

Insecticide 

1 (0.7) 

2 (1.3) 

2 (1.3) 

1 (1.2) 

1 (1.2) 

0 (0.0) 

0 (0.0) 

1 (1.5) 

2 (3.0) 

1.00 

1.00 

0.20 

Organophosphate/Carbamate 

Organophosphate (Inhibition of 

Acetylcholinesterase- Group 1B) 

Fenitrothion/Fenobucarb Insecticide 2 (1.3) 2 (2.4) 0 (0.0) 0.50 

Organophosphate (Inhibition of 

Acetylcholinesterase- Group 1B) / 

Pyrethroid (Modulator for sodium channel- 

Group 3A) 

Chlorpyrifos/Cypermethrin Insecticide 15 (10.0) 13 (15.7) 2 (3.0) 0.01 

Triphenyltin ( Inhibion of oxidative 

phosphorylation ATP synathase- Group 

6C) 

Fentin acetate Fungicide 6 (4.0) 6 (7.2) 0 (0.0) 0.03 

Isoxazolidinone (Inhibition of deoxy-d-

xyulose phosphate synthase -Group:13)/ 

Amides (Inhibition of photosynthesis at 

PS-II-Serine 264 binders- Group:5) 

Clomazone /Propanil Herbicide 1 (0.7) 1 (1.2) 0 (0.0) 1.00 

Phenoxy-carboxylates ( Auxin mimics-

Group 4) 

2,4-Butyester 

2,4-D-dimethylammonium 

2,4-D-Iso-butyl ester 

MCPA Dimethylammonium 

MCPA Potassium 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

Herbicide 

1 (0.7) 

1 (0.7) 

2 (1.3) 

1 (0.7) 

4 (2.7) 

1 (1.2) 

1 (1.2) 

2 (2.4) 

1 (1.2) 

4 (4.8) 

0 (0.0) 

0 (0.0) 

0 (0.0) 

0 (0.0) 

0 (0.0) 

1.00 

1.00 

0.50 

1.00 

0.13 

Phenylpyrazole (Blockers of GABA-gated 

chloride channel- Group 2B) 

Fipronil Insecticide 4 (2.7) 1 (1.2) 3 (4.5) 0.33 

Phenylpyrazole (Blockers of GABA-gated 

chloride channel- Group 2B)/ 

Neonicotiniods (Competative modulators 

for nicotinic acetylcholine receptor 

(nAChR)- Group 4A) 

Fipronil/Imidacloprid Insecticide 1 (0.7) 0 (0) 1 (1.5) 0.45 

Pyrethroid (Modulator for sodium channel- 

Group 3A) 

Cypermetrin 

Deltamethrin 

Lambda cyhalothin 

Insecticide 

Insecticide 

Insecticide 

13 (8.7) 

6 (4.0) 

11 (7.3) 

8 (9.6) 

5 (6.0) 

11 (13.3) 

5 (7.5) 

1 (1.5) 

0 (0.0) 

0.77 

0.23 

<0.01 

Quinoline-carboxylates (Auxin mimics- 

Group 4) 

Quinclorac Herbicide 3 (2.0) 3 (3.6) 0 (0.0) 0.25 

Diamide (Modulator for ryanodine Chlorantraniliprole Insecticide 36 (24.0) 27 (32.5) 9 (13.4) <0.01 
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receptor-Group 28) 

Strobilurin (Respiration inhibition) / 

Triazoles (Demethylation inhibitor –Group 

1G) 

Trifloxystrobin/Tebuconazole Fungicide 3 (2.0) 2 (2.4) 1 (1.5) 1.00 

Sulfonylurea ( Inhibition of acetolactate 

synthase -Group 2) 

 

Bensulfuron-Methyl 

Chlorimuron-Ethyl 

Metsulfuron –Methyl 

Herbicide 

Herbicide 

Herbicide 

1 (0.7) 

1 (0.7) 

2 (1.3) 

1 (1.2) 

1 (1.2) 

2 (2.4) 

0 (0.0) 

0 (0.0) 

0 (0.0) 

1.00 

1.00 

0.50 

Sulfonylurea ( Inhibition of acetolactate 

synthase -Group 2) 

/ Quinoline-carboxylates (Auxin mimics- 

Group 4) 

Bensulfuron-methyl/ 

Quinolorac 

Herbicide 1 (0.7) 1 (1.2) 0 (0.0) 1.00 

Sulfonylurea ( Inhibition of acetolactate 

synthase -Group 2) 

 

Metsulfuron-Methyl/Bensulfuron 

methyl 

Herbicide 1 (0.7) 1 (1.2) 0 (0.0) 

 

1.00 

Buprofezin ( Inhibition of chitin 

biosynthesis, type 1- Group 16) 

Bentazone 

Buprofezin 

Herbicide 

Insecticide 

1 (0.7) 

4 (2.7) 

1 (1.2) 

4 (4.8) 

0 (0.0) 

0 (0.0) 

1.00 

0.13 

Buprofezin ( Inhibition of chitin 

biosynthesis, type 1- Group 16)/ 

Nereistoxin analogues (Blocker of 

nicotinic acetylcholine receptor- Group 14) 

Buprofezin/Cartap hydrochloride Insecticide 2 (1.3) 2 (2.4) 0 (0.0) 0.50 

Pyridine azomethine ( Modulator for 

chordotonal organ TRPV channel- Group 

9B) 

Pymetrozine Insecticide 6 (4.0) 6 (7.2) 0 (0.0) 0.03 

Triazoles (Demethylation inhibitor –Group 

1G)/ 

Triazoles (Demethylation inhibitor –Group 

1G) 

Difenononazol/Propiconazol Fungicide 4 (2.7) 4 (4.8) 0 (0.0) 0.13 

Diafenthiuron ( Inhibors of mitochondrial 

ATP synthase- Group 12A) 

Diafenthiuron Insecticide 2 (1.3) 0 (0.0) 2 (3.0) 0.20 

White oil (UNE) White oil Insecticide 1 (0.7) 0 (0.0) 1 (1.5) 0.45 

Illegal pesticide Illegal pesticide Insecticide 1 (0.7) 1 (1.2) 0 (0.0) 1.00 

a P value by Fisher Exact test, Adapted from (173,174)



 

 

102 

4.2.2 Pesticide Exposure Assessment 

 

4.2.2.1 Pesticide exposure intensity scores based on algorithm from AHS and 

EFS 

 

Figure 4.2 show the distribution of pesticide exposure intensity scores calculated using 

the AHS and EFS algorithms. Both pesticide exposure intensity scores were not 

normally distributed. The median (Q1-Q3) exposure level was 151.1 (107.8-151.1) 

and 2.0 (1.9-2.4) based on EFS and AHS study, respectively. 
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Figure 4.2: The distribution for EFS and AHS pesticide exposure intensity score 

(A) EFS pesticide exposure intensity score, (B) Ln EFS pesticide exposure intensity score, (C) 

AHS pesticide exposure intensity score, and (D) Ln AHS pesticide exposure intensity score 

*Scale of Y  axis is different  between graph 

 

 

Table 4.10 shows the median and Q1-Q3 of semi-quantitative exposure scores 

using the EFS and AHS algorithms based on type of farming. The median EFS semi-

quantitative exposure score was higher among rice farmers compared to 

vegetable/fruit farmers (p<0.01). However, the median AHS semi-quantitative 

exposure score was similar for both types of farms.  
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Table 4.10: Level of semi-quantitative pesticide exposure scores based on EFS and AHS  

among the farmers 

 

Farm type EFS AHS 

Median (Q1-Q3) P value a Median (Q1-Q3) P value a 

Rice 

Vegetable/fruit 

173.1 (115.4-239.6) 

125.1 (125.1-217.8) 

< 0.01 2.0 (1.9-2.9) 

2.0 (1.9-2.0) 

0.4 

a P value by Mann-Whitney U test 

 

4.2.2.2 Quantification of dermal exposure using DREAM 

 

4.2.2.2.1 Validation of DREAM Scores results between main researcher and 

expert panels 

 

Ten videos of five farmers doing mixing and spraying were chosen randomly. The 

main researcher and expert panel observed the videos and completed DREAM 

questionnaire checklist. Table 4.11 shows the results of DREAM scores category 

between main researchers and three experts. The ICC for inter rater reliability was 

excellent being 0.85 with 95% CI (0.61,0.96). The ICC’S for intra rater reliability 

between main researcher and expert 1,2 and 3 were between good and excellent with 

ICC and 95% CI of 0.86 (0.43,0.97), 0.77 (0.08,0.94) and 0.80 (0.26,0.95), 

respectively. 

 

4.2.2.2.2 DREAM scores 

 

Shown in Figure 4.3 is the distribution of total DREAM scores among the farmers. 

The median (Q1-Q3) DREAM scores of all the farmers was 74.1 (40.0-102.2). 

 

Table 4.12 shows the DREAM scores during mixing, spraying and body parts 

involved among the farmers. During mixing, the hands of vegetable/fruit farmers were 

exposed more with a median score (Q1-Q3) of 27.0 (2.5-48.6) compared to rice 

farmers with a median score (Q1-Q3) of 2.6 (0.9-10.4) (p<0.01). Vegetable/fruit 

farmers had higher DREAM scores with a median (Q1-Q3) of 27.0 (2.6-53.3) 

compared to rice farmers with a median (Q1-Q3) of 2.7 (0.9-11.9) (p<0.01). 
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Figure 4.3: The distribution of total DREAM Scores among the farmers 

(A) DREAM Score, and (B) Ln DREAM score 

*Scale of Y axis is difference between graphs 

 

Figure 4.4 shows the DREAM scores for other parts of body during mixing 

among the farmers. During mixing, the median (Q1-Q3) score of DREAM was 0 for 

body exposure. This is because 88.5% (n=69) and 87.0% (n=47) of the rice and 

vegetable/fruit farmers, respectively had 0 DREAM body scores. 

 

However, during spraying, the bodies of rice farmers was exposed more with a 

median score (Q1-Q3) of 57.0 (36.0-111.0) compared to vegetable/fruit farmers with a 

median score (Q1-Q3) of 36.2 (36.0-92.1) (p=0.01). Rice farmers then had higher 

DREAM scores with a median (Q1-Q3) of 58.6 (36.0-111.0) compared to 

vegetable/fruit farmers with median (Q1-Q3) of 36.2 (36.0-94.8) (p<0.01).  

 

Figure 4.5 shows the DREAM scores for hands during spraying among the 

farmers. During spraying, the median (Q1-Q3) score of DREAM for hands for all 

farmers was 0. This is because 68.8% (n=53) and 81.1% (n=43) of the rice and 

vegetable/fruit farmers, respectively had 0 DREAM scores.  

 

During both activities, the hands of vegetable/fruit farmers were exposed more 

with a median score (Q1-Q3) of 27.0 (3.2-48.6) compared to rice farmers with a 

median score (Q1-Q3) of 4.1 (0.9-15.9). However, the bodies of rice farmers were 

exposed more with median (Q1-Q3) of 57.0 (36.0-111.0) compared to vegetable/fruit 



 

 

105 

 

Figure 4.4: The DREAM Scores for other parts of body during mixing among 

the farmers 

 

 

Figure 4.5: The DREAM Scores for hands during spraying among the farmers  
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farmers with median (Q1-Q3) of 36.3 (36.0-66.5) (p=0.03). The total dermal exposure 

score was found to be highest among rice farmers with a median (Q1-Q3) of 77.1 

(39.0-116.7) and lowest among vegetable/fruit farmers with a median (Q1-Q3) of 64.7 

(41.0-125.9) but the difference was not statistically significant (p=0.89). 

 

4.2.2.3 Level of urine metabolites of the farmers 

 

4.2.2.3.1 Frequency of urine samples containing detectable urinary metabolites 

 

Urines from farmers who reported using biferenthin, chlorphyrifos, pyrethroids or 

cypermethrin were analysed as discussed in Section 2.5.3. In total, 51 urine samples 

from 26 farmers were analysed, consisting of 25 post-spraying urine samples and 26 

pre-spraying urine samples. One pre-spraying sample container was broken and the 

sample could not be analysed.  

             

Figure 4.6 shows the percentage of urine samples that were positive for each 

pesticide/pesticide metabolite pre-and post-spraying. The percentage of urine samples 

that contained detectable levels of bifenthrin, 3PBA, DBVA, cDCVA, tDCVA and 

total DCVA were higher post-spraying compared to pre-spraying except for 356TCP 

where the percentage was similar between pre- and post-spraying. 356TCP was the 

most frequently detected metabolite and was detected in all urine samples both pre- 

and post-spraying. tDCVA and total DCVA were detected in 84.6% (22/26) of pre- 

and 96.0% (24/25) of post-spraying samples. For PBA, the proportion of positive 

urine samples was 84.6% (22/26) and 88.0% (22/25) for pre-and post-spraying 

samples respectively.  

 

               DBVA was detected in 19.2% (5/26) of pre- and 24.0% (6/25) of post-

spraying samples and cDCVA was detected in 61.5% (16/26) of pre- and 88.0% 

(22/25) of post-spraying samples. Bifenthrin was detected in 53.8% (14/26) of pre- 

and 80.0% (20/25) of post-spraying samples. However, there was no significant 

difference between the percentage of urines with detectable metabolites pre-and post-

spraying and type of farming (Data not shown). 
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Figure 4.6: Percentage of detectable urine metabolites 

 

4.2.2.3.2 Urinary metabolites among farmers who reported using or not using 

pesticides 

 

Table 4.13 shows the levels of pre- and post-spraying urinary pesticide metabolites 

adjusted by urinary creatinine levels. The concentration of the metabolites varied 

depending upon whether the farmer used the specific type of pesticide or not.  

 

For farmers who reported using the specific pesticide, urine levels post- 

spraying were higher than urine levels pre-spraying for chlorpyrifos (p<0.01), 

pyrethroids (p<0.01) and cypermethrin (p<0.01). However, for farmers who had not 

used the specific pesticide, there was no significant difference between pre- and post-

spray samples.  

 

For farmers who reported using the specific pesticide, urine levels pre- 

spraying were higher for chlorpyrifos (p<0.01) and cypermethrin (p=0.02) compared 

to those farmers who had not used the specific pesticide (Data not shown). For 
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farmers who did not reported using the specific pesticide, urine levels post-spraying 

was higher for cypermethrin (p=0.02) to those farmers who had not used specific 

pesticide (Data not shown).  

 

For farmers who reported using the specific pesticide, the difference in urine 

levels post- and pre-spraying was higher for chlorpyrifos (p=0.02), pyrethroid 

(p=0.03) and cypermethrin (p=0.02) than for those farmers who had not used the 

specific pesticide.  

 

4.2.3 Associations between pesticide exposure and demographics and working 

practices 

 

4.2.3.1 EFS and AHS pesticide exposure intensity scores and demographics 

 

There was no association between EFS and AHS pesticide exposure intensity scores 

and demographic factors (Table 4.14). 

 

4.2.3.2 DREAM scores and demographics 

 

Table 4.15 shows the associations between DREAM scores and demographic factors.  

The farmers who come from lower income families had higher DREAM scores 

compared to the farmers who came from middle income families (p=0.03). 

 

4.2.3.3 Correlations between AHS and EFS pesticide exposure intensity scores 

and DREAM scores 

 

Figure 4.7 shows the associations between AHS and EFS pesticide exposure intensity 

scores and DREAM scores. The correlation revealed a moderate significant positive 

linear correlation between EFS and AHS pesticide exposure intensity score (p<0.01). 

However, no significant association was found between DREAM and pesticide 

exposure intensity scores. 
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Table 4.11: Results of DREAM scores between main researcher and 3 expert panels 

 

Raters Farmer 1 Farmer 2 Farmer 3 Farmer 4 Farmer 5  

Mixing Spraying Mixing Spraying Mixing Spraying Mixing Spraying Mixing Spraying 

Main researcher 157 5 106 52 194 225 5 2 15 70 

Expert 1 179 16 85 16 408 167 17 6 9 24 

Expert 2 380 48 14 97 369 138 1 6 13 30 

Expert 3 159 85 194 23 183 570 52 83 7 59 

 

 

 Table 4.12: DREAM scores during mixing and spraying and body parts involved among the farmers 

 

Type of 

activity 

Hands Body a Total b 

Rice, 

Median(Q1-Q3) 

Vegetable/Fruit, 

Median(Q1-Q3) 

P 

value c 

Rice, 

Median(Q1-Q3) 

Vegetable/Fruit, 

Median (Q1-Q3) 

P 

value c 

Rice, 

Median (Q1-Q3) 

Vegetable/Fruit, 

Median (Q1-Q3) 

P 

value c 

Mixing 2.6 (0.9-10.4) 27.0 (2.5-48.6) <0.01 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.71 2.7 (0.9-11.9) 27.0 (2.6-53.3) <0.01 

Spraying 0.0 (0.0-1.6) 0.0 (0.0-0.0) 0.20 57.0 (36.0-111.0) 36.2 (36.0-92.1) 0.01 58.6 (36.0-111.0) 36.2 (36.0-94.8) <0.01 

Total  4.1 (0.9-15.9) 27.0 (3.2-48.6) <0.01 57.0 (36.0-111.0) 36.3 (36.0-66.5) 0.03 77.1 (39.0-116.7) 64.7 (41.0-125.9) 0.89 
a  Involved head, upper arms, forearms, torso front, torso back, lower back, lower leg and feet , b Combination of hands and body , c  P value by using  Mann- Whitney U test 
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Table 4.13: Urinary pesticide metabolites concentrations adjusted by urinary creatinine among farmers who used and not used specific pesticide 

 

Pesticide/ 

Metabolite a 

 

Exposure 

Farmers who had used specific pesticide Farmers who had not used specific pesticide 

Median (Q1-Q3) mmol/mole creatinine; n Median (Q1-Q3) mmol/mole creatinine; n 

Post-spray 

Median (Q1-Q3); n 

Pre-spray 

Median (Q1-Q3); n 

Δ(Post-spray-pre-

spray) 

Post-spray 

Median (Q1-Q3); n 

Pre-spray 

Median (Q1-Q3); n 

Δ(Post-spray-pre-

spray) 

Bifenthrin Pyrethroid  0.7 (0.4-2.5); 22 0.4 (0.0-1.1); 21 b 0.4 (-0.2-1.3); 21 0.0 (0.0-3.5); 4 0.2 (0.0-0.6); 4 b 0.0 (-0.3-2.9); 4 d 

cDCVA Cypermethrin 2.2 (0.9-4.1); 18 0.8 (0.3-1.6); 18 c 1.4 (0.5-3.1); 18 0.5 (0.0-0.6); 8 0.0 (0.0-0.3); 8 b 0.3 (0.0-0.6); 8 e 

DBVA Deltamethrin 0.0 (0.0-0.2); 4 0.0 (0.0-0.0); 4 b 0.0 (0.0-0.4); 4 0.0 (0.0-0.8); 22 0.0 (0.0-0.4); 22 b 0.0 (0.0-0.0); 22 d 

3PBA Pyrethroid 1.8 (0.6-3.7); 22 0.9 (0.5-1.7); 21 c 0.5 (0.1-2.0); 21 0.5 (0.0-1.1); 4 0.5 (0.1-2.3); 4 b -0.2 (-1.3-0.2); 4 e 

356TCP Chlorpyrifos 94.0 (18.6-228.4); 16 43.0 (18.8-121.5); 17 c 11.0 (1.8-130.5); 16 4.6 (2.7-8.1); 9 6.3 (3.6-9.8); 9 b -0.4 (-1.9-4.2); 9 e 

tDCVA Cypermethrin 3.5 (1.5-5.9); 18 1.5 (0.8-1.6); 18 c 2.1 (0.5-3.5); 18 0.8 (0.4-1.1); 8 0.5 (0.1-0.7); 8 (0.45) b 0.2 (-0.5-0.8); 8 e 

Total 

DCVA 

Cypermethrin 5.6 (2.3-10.3); 18 1.9 (1.4-4.2); 18 c 3.5 (1.0-6.7); 18 1.3 (0.4-1.7); 8 0.7 (0.1-0.7); 8 (0.29) b 0.6 (-0.5-1.3); 8 e 

a Urinary metabolite level expressed as µmol/mole creatinine, b  P  value >0.05 by using Wilcoxin Signed Rank Test difference between post- and pre-spray level in farmers 

who used pesticide or did not used pesticide, c P  value <0.01 by using Wilcoxin Signed Rank Test difference between post- and pre-spray level in farmers who used pesticide 

or did not used pesticide, d P value >0.05 by  Mann-Whitney U test difference in post- and pre-spray level between farmers who used and did not used pesticide, e P value 

<0.05 by  Mann-Whitney U test difference in post- and pre-spray level between farmers who used and did not used pesticide. 
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Table 4.14: Associations between EFS and AHS pesticide exposure intensity scores  

and demographic factors 

 

Variable EFS 

Median (Q1-Q3) 

P value AHS 

Median (Q1-Q3) 

P value 

Age -0.13 a 0.13 b 0.01 a 0.33 b 

BMI 

   Under weight 

   Normal weight 

   Overweight 

   Obesity 

 

189.3 (106.8-287.2) 

156.7 (110.0-217.8) 

129.9 (62.6-244.9) 

111.4 (94.2-221.9) 

0.28 c  

2.4 (2.3-3.7) 

2.4 (2.3-2.8) 

2.4 (2.4-2.5) 

2.4 (2.4-3.6) 

0.63 c 

Marital status 

   Single 

   Married 

   Widower 

 

174.2 (100.8-272.0) 

151.1 (108.9-224.3) 

85.7 (62.6-85.7) 

0.23 c  

2.4 (2.3-3.6) 

2.4 (2.4-2.8) 

2.3 (2.2-2.3) 

0.62 c 

Educational level 

   Never been to school 

   Primary education 

   Secondary education 

   Tertiary education 

 

152.3 (107.8- 152.3) 

160.9 (108.9-246.9) 

151.1 (104.6-217.8) 

123.2 (53.4-228.5) 

0.45 c  

2.4 (2.3-2.6) 

2.4 (2.4-3.7) 

2.4 (2.4-2.8) 

2.4 (2.4-2.4) 

0.55 c 

Income per month 

   Lower income 

   Middle income 

 

160.9 (108.9-251.9) 

139.9 (103.8-205.6) 

0.18 d  

2.4 (2.4-3.0) 

2.4 (2.3-2.5) 

0.27 d 

Smoking status 

   Current/ex-smokers 

   Non smokers 

 

159.8 (108.9-239.6) 

133.2 (97.1-226.3) 

0.31 d  

2.4 (2.3-2.5) 

2.4 (2.4-3.2) 

0.11 d 

a Correlation coefficient, b P value by Spearman rank test, c P value by Kruskal Wallis test, d P value by 

Mann-Whitney U test 

 

 

Table 4.15: Associations between DREAM scores and demographic factors 

 

Variable DREAM scores 

Median (Q1-Q3) 

P value 

Age -0.01 a 0.99 b 

BMI 

   Under weight 

   Normal weight 

   Overweight 

   Obesity 

 

95.4 (60.8-147.8) 

60.9 (38.6-112.8) 

80.9 (48.7-139.4) 

106.8 (60.1-192.0) 

0.17 c 

Marital status 

   Single 

   Married 

   Widower 

 

95.6 (56.3-122.0) 

67.8 (38.7-122.5) 

168.3 (55.7-168.3) 

0.42 c 

Educational level 

   Never been to school 

   Primary education 

   Secondary education 

   Tertiary education 

 

107.0 (85.9-138.4) 

92.4 (38.4-136.1) 

65.3 (41.0-112.2) 

63.3 (337.7-116.3) 

0.63 c 
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Income per month 

   Lower income 

   Middle income 

 

90.5 (45.1-130.1) 

59.5 (38.1-110.7) 

0.03 d 

Smoking status 

   Current/ex-smokers 

   Non smokers 

 

75.0 (41.0-128.8) 

63.3 (38.5-113.5) 

0.44  d 

a Correlation coefficient, b P value by Spearman rank test, c P value by Kruskal Wallis test, d P value by 

Mann- Whitney U test 
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Figure 4.7: Correlations between AHS, EFS pesticide exposure intensity scores and DREAM scores 

(A) Scatter plot of AHS and EFS pesticide exposure intensity score, (B) Scatter plot of DREAM 

Scores sand EFS pesticide exposure intensity score, and (C) Scatter plot of DREAM Scores and 

AHS pesticide exposure intensity score 

 

 

Figure 4.8 shows the correlations between Ln AHS, Ln EFS pesticide 

exposure intensity scores and Ln DREAM scores. The correlation revealed a weak 

significant positive linear correlation between EFS and AHS pesticide exposure 

intensity score (p<0.01). This is driven by two scores for AHS which were 1.33 and 1. 

28. 
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Figure 4.8: Correlations between Ln AHS, Ln EFS pesticide exposure intensity scores and Ln DREAM 

scores 

(A) Scatter plot of Ln AHS and Ln EFS pesticide exposure intensity score, (B) Scatter plot of Ln 

DREAM Scores and Ln EFS pesticide exposure intensity score, and (C) Scatter plot of Ln DREAM 

Scores and Ln AHS pesticide exposure intensity score 

 

 

4.2.3.4 Urine metabolites and demographics and working practices 

 

The categorisation of level of urinary metabolites has been explained in Section 2.8 

(Table 2.4).  

 

Table 4.16 shows the associations between level of urinary metabolites and 

demographic factors among the farmers. There was no significant association between 

urine metabolite and demographic factors.  
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Table 4.16: Associations between level of urinary metabolites and demographic factors 

 

Variable Total 

(n=25) 

Level of urinary metabolites 

Minimal/Low a 

(n=12) 

High/Very high b 

(n=13) 

P value 

Age, yrs 

   Mean +SD 

   Range  

 

43.6 16.2 

17-72 

 

48.2  16.7 

26-72 

 

39.3  15.1 

17-68 

0.18 c 

BMI, n (%) 

   Under weight 

   Normal weight 

   Overweight/Obesity 

 

3 (12.0) 

16 (64.0) 

6 (24.0) 

 

0 (0.0) 

8 (66.7) 

4 (33.3) 

 

3 (23.1) 

8 (61.3) 

2 (15.4) 

0.12 d 

Marital status, n (%) 

   Single 

   Married/Widower 

 

5 (20.0) 

20 (80.0) 

 

1 (8.3) 

11 (91.7) 

 

4 (30.8) 

9 (69.2) 

0.32 d 

Educational level, n (%) 

   Never been to school 

   Primary education 

   Secondary education 

   Tertiary education 

 

1 (4.0) 

7 (28.0) 

13 (52.0) 

4 (16.0) 

 

0 (0.0) 

4 (33.3) 

4 (33.3) 

4 (33.3) 

 

1 (7.7) 

3 (23.1) 

9 (69.2) 

0 (0.0) 

0.07 d 

Income per month, n (%) 

   Lower income 

   Middle income 

 

15 (60.0) 

10 (40.0) 

 

7 (58.3) 

5 (41.7) 

 

8 (61.5) 

5 (38.5) 

0.87 e 

Smoking status, n (%) 

   Current/ex-smokers 

   Non smokers 

 

15 (60.0) 

10 (40.0) 

 

9 (75.0) 

3 (25.0) 

 

6 (46.2) 

7 (53.8) 

0.14 e 

 

 
a 0 or 1 differ scores of urinary metabolites above median, b 2 or 3 differs scores of urinary metabolites 

above median, c P value by Independent t-test, d P value by Fisher Exact test, e P value by Chi-Square 

test 

 

Table 4.17 shows the associations between the level of urine metabolites and 

working practices during the first 24 hours of spraying. All of the farmers who had 

minimal/low level of urinary metabolites used backpacker sprayers compared to 

nearly half of farmers who had high/very high level of urinary metabolites (p<0.01). 

Farmers who had high/very high level of urinary metabolites were exposed more on 

their head or face (p=0.03) compared to those farmers who had minimal/low level of 

urinary metabolites. 

 

Table 4.18 describes the associations between level of urinary metabolites and 

pesticide exposure intensity algorithm and DREAM scores. There was no significant 

association between level of urinary metabolites and pesticide exposure intensity 

algorithm and DREAM scores. 
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Table 4.17: Associations between level of urine metabolites and working practices on first  

24 hours of spraying  

 

 

Variable 

Total 

(n=25) 

Level of urinary metabolites 

Minimal/Low 
a (n=12) 

High/Very high 
b (n=13) 

P value c 

Duration of spraying 

    Less than one hour 

    More than one hour  

 

20 (80.0) 

5 (20.0) 

 

8 (66.7) 

4 (33.3) 

 

12 (92.3) 

1 (7.7) 

0.16  

Amount of pesticide 

    Less than 30 ml 

    More than 30 ml  

 

12 (48.0) 

13 (52.0) 

 

8 (66.7) 

4 (37.3) 

 

4 (30.8) 

9 (69.2) 

0.07  

Application methods, n (%) 

     Backpack sprayer 

     Power sprayer/ Blower 

 

18 (72.0) 

7 (28.0) 

 

12 (100) 

0 (0.0) 

 

6 (46.2) 

7 (53.8) 

<0.01  

Clothes worn  

during application, n (%)  

    Hat 

    Goggles 

    Dusk mask 

    Face shields 

    Gloves 

    Long sleeve shirt 

    Short sleeve shirt 

    Apron 

    Chemically resistant suit 

    Long trousers  

    Short trousers 

    Chemically resistant boots 

    Shoes  

 

 

17 (68.0) 

0 (0.0) 

11 (44.0) 

4 (16.0) 

5 (20.0) 

19 (76.0) 

5 (20.0) 

1 (4.0) 

1 (4.0) 

23 (93.0) 

2 (7.0) 

20 (80.0) 

2 (7.0) 

 

 

10 (83.3) 

0 (0.0) 

7 (58.3) 

2 (16.7) 

2 (16.7) 

8 (66.7) 

3 (25.0) 

0 (0.0) 

1 (8.3) 

11 (91.7) 

1 (8.3) 

10 (83.3) 

1 (8.3) 

 

 

7 (53.8) 

0 (0.0) 

4 (30.8) 

2 (15.4) 

3 (23.1) 

11 (84.6) 

2 (15.4) 

1 (7.7) 

0 (0.0) 

12 (92.3) 

1 (7.7) 

10 (76.9) 

1 (7.7) 

 

 

0.20  

Not examined 

0.17  

1.00  

1.00  

0.38  

0.65  

1.00  

0.48  

1.00  

1.00  

1.00  

1.00  

Body contact with pesticide during 

application, n (%) 

    Head or face 

    Arms 

    Chest, back and abdomen 

    Legs 

    Feet 

 

 

12 (48.0) 

20 (80.0) 

12 (48.0) 

11 (44.0) 

9 (36.0) 

 

 

3 (25.0) 

11 (91.7) 

5 (41.7) 

4 (33.3) 

6 (50.0) 

 

 

9 (69.2) 

9 (69.2) 

7 (53.8) 

7 (53.8) 

3 (23.1) 

 

 

0.03  

0.32  

0.54  

0.30  

0.16  

Wash equipment after pesticide 

use, n (%) 

     Yes 

     No 

 

 

6 (24.0) 

19 (76.0) 

 

 

5 (41.7) 

7 (58.3) 

 

 

1 (7.7) 

12 (92.3) 

0.07  

Repair spraying or  

mixing equipment, n (%) 

     Yes 

     No 

 

 

5 (20.0) 

20 (80.0) 

 

 

3 (25.0) 

9 (75.0) 

 

 

2 (15.4) 

11 (84.6) 

0.65  

a 0 or 1 differ scores of urinary metabolites above median, b 2 or 3 differs scores of urinary metabolites 

above median, c P value by Fisher Exact test 
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Table 4.18: Associations between level of urinary metabolites and EFS and AHS pesticide exposure 

intensity algorithm scores and DREAM scores 

 

 

Variable 

Level of urinary metabolites 

Minimal/Low a  

(n=12) 

High/Very high b 

(n=13) 

P value c 

EFS score (n=25) 

    Median (Q1-Q3) 

 

244.9 (145.7-283.0) 

 

133.3 (108.8-319.7) 

0.21 

AHS score (n=25)  

    Median (Q1-Q3) 

 

2.4 (2.3-3.3) 

 

2.4 (2.2-2.9) 

0.36 

DREAM scores (n=20) 

    Median (Q1-Q3) 

 

75.0 (36.9-109.5) 

 

62.1 (37.8-109.4) 

0.78 

a 0 or 1 differ scores of urinary metabolites above median, b 2 or 3 differs scores of urinary metabolites 

above median, c P value by Mann-Whitney U test 

 

 

4.2.4 Health status at baseline 

 

Table 4.19 shows the baseline self-reported health status of the farmers. The majority 

of farmers (71.3%) reported that they were in good or very good health and only 

12.0% of the farmers reported having poor health. 17.9% of the vegetable/fruit 

farmers were in poor health as compared to 7.2% of rice farmers but this difference 

was not statistically significant (p=0.14).   

 

 

High blood pressure was the commonest illness reported by 14.7% of the 

farmers with diabetes reported by 7%. None of the farmers reported illnesses such as 

Parkinson disease, depression, anxiety and stress. 

 

5.3% of the farmers reported an illness caused or made worse by work. Rice 

farmers reported that lung diseases, muscle and skeleton disorders and skin diseases 

were made worse by work more than vegetable/fruit farmers (p<0.05). 

 

4.2.5 Screen positive somatic and neuropsychiatric symptoms among the 

farmers in the past 4 weeks 

 

Table 4.20 shows the prevalence of somatic symptoms reported by farmers in the past 

4 weeks. Very few of the farmers were bothered a lot by back pain (1.3%), pain in 

arms, legs or joints (1.3%), headache (2.0%), chest pain (0.7%), dizziness (1.3%),  
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Table 4.19: The health characteristics of farmers 

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ 

Fruit (n=67) 

P value 

General health, n (%) 

     Very good 

     Good 

     Average 

     Poor 

 

56 (37.3) 

51 (34.0) 

25 (16.7) 

18 (12.0) 

 

31 (37.3) 

33 (39.8) 

13 (15.7) 

6 (7.2) 

 

25 (37.3) 

18 (26.9) 

12 (17.9) 

12 (17.9) 

0.14 a 

Previous illness, n (%) 

     Heart disease including angina 

     High blood pressure 

     Asthma 

     Diabetes 

 

4 (2.7) 

22 (14.7) 

3 (2.0) 

11 (7.3) 

 

2 (2.4) 

11 (13.3) 

3 (3.6) 

6 (7.2) 

 

2 (3.0) 

11 (16.5) 

0 (0) 

5 (7.5) 

 

1.00 b 

0.59 a 

0.25 b 

1.00 a 

Any illness caused or made worse by 

work, n (%) 

      Yes 

      No 

 

 

8 (5.3) 

142 (94.7) 

 

 

6 (7.2) 

77 (92.8) 

 

 

2 (3.0) 

65 (97) 

0.30 b 

 Main illness made worse by work 

(n=8), n (%)    

     Lung diseases 

     Muscle and skeleton disorder 

     Eye disorder  

     Skin diseases  

 

 

4 (50.0) 

1 (12.5) 

2 (25.0) 

1 (12.5) 

 

 

4 (66.6) 

1 (16.7) 

0 (0.0) 

1 (16.7) 

 

 

0 (0.0) 

0 (0.0) 

2 (100) 

0 (0.0) 

<0.05 b 

a P value by Chi-Square test, b P value by Fisher Exact test 

 

feeling their heart rate race (0.7%), shortness of breath (0.7%), nausea or gas (0.7%) 

and excessive sweating (1.3%). A relatively large number were bothered a little by 

back pain (25.3%), pain in arms, legs, or joints (26.0%), headache (14.0%) and 

dizziness (12.7%).  

 

More than 90% of the farmers were not bothered by nine symptoms including 

stomach pain, pain during sexual intercourse, chest pain, fainting spells, feeling their 

heart rate race, shortness of breath, constipation, nausea and excessive sweating. 

There was no significant difference between each somatic symptom and type of 

farming (Data not shown).  

 

Table 4.21 shows the severity of somatic symptoms reported by the farmers in 

the past 4 weeks. Thirteen farmers were categorized as having more than minimal 

symptoms.  
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Table 4.20: The prevalence of somatic symptoms reported by farmers in the past 4 weeks 

 

 

Symptoms 

Not bothered/ 

bothered at all a 

Bothered at all 

Bothered a 

little 

Bothered a 

lot 

a) Stomach pain 144 (96.0) /6 (4.0) 6 (4.0) 0 (0.0) 

b) Back pain 110 (73.3)/ 40 (26.6) 38 (25.3) 2 (1.3) 

c) Pain in your arms, legs, or joints 109 (72.7)/ 41 (27.3) 39 (26.0) 2 (1.3) 

d)Pain or problems during sexual intercourse  149 (99.3)/ 1 (0.7) 1 (0.7) 0 (0.0) 

e) Headache 126 (84.0)/ 24 (16.0) 21 (14.0) 3 (2.0) 

f) Chest pain 141 (94.0)/ 9 (6.0) 8 (5.3) 1 (0.7) 

g) Dizziness 129 (86.0)/ 21 (14.0) 19 (12.7) 2 (1.3) 

h) Fainting spells 148 (98.7)/ 2(1.3) 2 (1.3) 0 (0) 

i) Feeling your heart rate or race 142 (94.7)/ 8 (5.4) 7 (4.7) 1 (0.7) 

j) Shortness of breath  141 (94.0)/ 9 (6.0) 8 (5.3) 1 (0.7) 

k) Constipation, loose bowels or diarrhoea 148 (98.7)/ 2 (1.3) 2 (1.3) 0 (0.0) 

l) Nausea, gas or indigestion  148 (98.7)/ 2(1.3) 1 (0.7) 1 (0.7) 

m) Excessive sweating  144 (96.0)/ 6 (4.0) 4 (2.7) 2 (1.3) 

a Bothered at all is combination of bothered a little and bothered a lot 

 

 

Table 4.21: The severity of somatic symptoms in the past 4 weeks 

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ 

Fruit (n=67) 

P value 

Somatic severity symptoms, n (%) 

   Minimal (0-3) 

   Low (4-8) 

   Medium (9-12) 

   High (13-26) 

 

137 (91.3) 

11 (7.3) 

1 (0.7) 

1 (0.7) 

 

75 (90.4) 

6 (7.2) 

1 (1.2) 

1 (1.2) 

 

62 (92.5) 

5 (7.5) 

0 (0.0) 

0 (0.0) 

0.64 a 

Somatic symptoms, n (%) 

   Not bothered 

   Bothered at all c 

 

79 (52.7) 

71 (47.3) 

 

42 (50.6) 

41 (49.4) 

 

37 (55.2) 

30 (44.8) 

0.57 b 

a P value by Fisher Exact test, b P value by Chi-Square test, c Bothered at all is combination of bothered 

a little and bothered a lot 

 

 

There was no difference between severity score between those who were rice 

or vegetable/fruit farmers (p=0.64). 47.3% of farmers reported being bothered at all by 

any of the symptoms and there was no statistical difference between type of farming 

(p=0.57). 
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Table 4.22 shows the prevalence of Parkinsonism and neuropathy symptoms 

reported by the farmers in the past 4 weeks. Only one farmer was bothered a lot by 

nine out of 18 symptoms which included hand shaking, feeling unsteady, slowing 

down physically, difficulty in turning over in bed at night and standing up from a 

chair, losing balance, loss of sensation in hands and feet’s, cramps or spasms in  

 

Table 4.22: The prevalence of Parkinsonism and neuropathy symptoms reported by farmers in the past 

4 weeks 

 

 

Symptoms 

 

Not bothered/ Bothered 

at all a 

Bothered at all 

Bothered a 

little 

Bothered a 

lot 

a) Doing up buttons on your clothes  149 (99.3)/ 1 (0.7) 1 (0.7) 0 (0.0) 

b) Your hands shaking  141 (94.0)/ 9 (6.0) 8(5.3) 1(0.7) 

c) Clumsiness  148 (98.7)/ 2(1.3) 2(1.3) 0 (0.0) 

d)Slurring your words 150 (100)/ 0 (0.0) 0 (0.0) 0 (0.0) 

e) Feeling unsteady when walking 141 (94.0)/ 9 (6.0) 8 (5.3) 1 (0.7) 

f) Problems when using the telephone or cooking 

a meal 

147 (98.0)/ 3 (2.0) 3 (2.0) 0 (0.0) 

g) Moving more slowly or stiffly  148 (98.7)/ 2 (1.3) 2 (1.3) 0 (0.0) 

h) Walking with a stooped posture 148 (98.7)/ 2 (1.3) 2 (1.3) 0 (0.0) 

i)Not swinging your arms when you walk as 

much as you used to 

148 (98.7)/ 2 (1.3) 2 (1.3) 0 (0.0) 

j) Slowing down physically 146 (97.3)/ 4 (2.7) 3 (2.0) 1 (0.7) 

k) Difficulty in turning over in bed at night  146 (97.3)/ 4 (2.7) 3 (2.0) 1 (0.7) 

l) Difficulty in standing up from a chair 147 (98.0)/ 3 (2.0) 2 (1.3) 1 (0.7) 

m) Losing your balance 144 (96.0)/ 6 (4.0) 5 (3.3) 1 (0.7) 

n) Loss of sensation in your hands and feet  143 (95.3)/ 7 (4.7) 6 (4.0) 1 (0.7) 

o) Feeling drunk when you haven’t drunk too 

much 

150 (100)/ 0 (0.0) 0 (0.0) 0 (0.0) 

p) Cold hands or feet  145 (96.7)/ 5 (3.3) 5 (3.3) 0 (0.0) 

q) Cramps or spasms in your muscles 139 (92.7)/ 11(7.4) 10 (6.7) 1 (0.7) 

r) Having a weak feeling in yours arms and legs  139 (92.7)/ 11 (7.4) 10 (6.7) 1 (0.7) 

a Bothered at all is combination of bothered a little and bothered a lot 

 

 

muscles and weak feeling in arms and legs. More than 90% of the farmers were not 

bothered by any of the symptoms.  

 

More rice farmers were bothered at all by feeling unsteady when walking 

(p=0.04) and loss of sensation in their hands and feet (p=0.02) compared to 
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vegetable/fruit farmers (Data not shown). Table 4.23 shows the characteristic of 

Parkinsonism and neuropathy symptoms reported by the farmers in the past 4 weeks. 

There was one rice farmer who was identified as being screen positive for neuropathy. 

However, no screen-positive cases of Parkinsonism were identified and 18.0% of 

farmers reported being bothered at all by any of the symptoms and there was no 

statistical difference between type of farming (p=0.38). 

 

Table 4.23: The characteristic of Parkinsonism and neuropathy symptoms in the past 4 weeks 

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ 

Fruit (n=67) 

P 

value 

Screen positive Parkinsonism, n (%) a 

   Yes 

    No  

 

0 (0.0) 

150 (100) 

 

0 (0.0) 

83 (100) 

 

0 (0.0) 

67 (100) 

Not 

measured 

Screen positive neuropathy, n (%) b 

      Yes 

    No  

 

1 (0.7) 

149 (99.3) 

 

1 (1.2) 

82 (98.8) 

 

0 (0.0) 

67 (100) 

1.00 d 

Parkinsonism and neuropathy symptoms,  

n (%) 

   Not bothered 

   Bothered at all c 

 

 

123 (82.0) 

27 (18.0) 

 

 

66 (79.5) 

17 (20.5) 

 

 

57 (85.1) 

10 (14.9) 

0.38 e 

a
 The farmers were identified to be screen positive for Parkinsonism if they answered “bothered a lot” to 

one or more of (g), (h) and (i) questions in Table 6.4, b The farmers were identified to be screen positive 

for neuropathy if they answered “bothered a lot” to one or more of (a), (d),(k), (m), (n), (p) and (r) 

questions in Table 6.4, c Bothered at all is combination of bothered a little and bothered a lot, d P value 

by Fisher Exact test, e P value by Chi-Square test 

 

Table 4.24 shows the prevalence of depression symptoms reported by the 

farmers in the past 4 weeks. One of the farmers was bothered a lot by three out of 12 

depression symptoms which included troubling falling asleep, feeling tired and trouble 

concentrating. More than 90% of the farmers were not bothered by any of the 

depression symptoms. There was no significant difference between each symptom and 

type of farming (Data not shown). 

 

Table 4.25 shows the characteristic of depression symptoms reported by the 

farmers in the past 4 weeks. There were no screen positive cases of depression 

identified and only 9.3% of farmers were categorised as being bothered at all by any 

depression symptoms and there was no statistically difference with the type of farming 

(p=0.58). 
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Table 4.24: The prevalence of depression symptoms reported by farmers in the past 4 weeks 

 

 

Symptoms 

Not bothered/ 

Bothered at all a 

Bothered at all 

Bothered 

a little 

Bothered 

a lot 

a) Little interest or pleasure in doing things  146 (97.3)/ 4 (2.7) 4 (2.7) 0 (0.0) 

b) Feeling down, depressed or hopeless 148 (98.7)/ 2 (1.3) 2 (1.3) 0 (0.0) 

c)Troubling falling or staying asleep 147 (98.0)/ 3 (2.0) 2 (1.3) 1 (0.7) 

d)Sleeping too much 147 (98.0)/ 3 (2.0) 3 (2.0) 0 (0.0) 

e) Feeling tired or having little energy 142 (94.7)/8 (5.4) 7 (4.7) 1 (0.7) 

f) Poor appetite or overeating 145 (96.7)/ 5 (3.3) 5 (3.3) 0 (0.0) 

g) Feeling bad about yourself or that you are a 

failure or have let yourself or your family down 

150 (100)/ 0 (0.0) 0 (0.0) 0 (0.0) 

h)Trouble concentrating on things, such as reading 

the newspaper or watching television  

148 (98.7)/ 2 (1.4) 1 (0.7) 1 (0.7) 

i)Moving or speaking so slowly that other people 

could have noticed 

149 (99.3)/ 1 (0.7) 1 (0.7) 0 (0.0) 

j) Being so fidgety or restless that you have been 

moving around a lot more than usual 

149 (99.3)/ 1 (0.7) 1 (0.7) 0 (0.0) 

k) Thoughts that life is not worth living  149 (99.3)/ 1 (0.7) 1 (0.7) 0 (0.0) 
a Bothered at all is combination of bothered a little and bothered a lot 

 

Table 4.25: The characteristic of depression symptoms in the past 4 weeks  

 

 

Variable 

Total 

(n=150) 

Type of farming 

Rice 

(n=83) 

Vegetable/ 

Fruit (n=67) 

P 

value c 

Screen positive Depression, n (%) a 

   Yes 

    No  

 

0 (0.0) 

150 (100) 

 

0 (0.0) 

83 (100) 

 

0 (0.0) 

67 (100) 

Not 

measured 

Depression symptoms, n (%) 

   Not bothered 

   Bothered at all b 

 

136 (90.7) 

14 (9.3) 

 

74 (89.5) 

9 (10.5) 

 

62 (92.5) 

5 (7.5) 

0.58 

a The farmers were determined to be screen positive for depression if they answer bothered a lot to (a) 

or (b) and 4 or more of (a) – (k) questions Table 6.6 were at bothered a lot in the past 4 weeks, b 

Bothered at all is combination of bothered a little and bothered a lot,c P value by Chi-Square test 

 

Table 4.26 shows the prevalence of dementia symptoms reported by the 

farmers in the past 4 weeks. The majority of farmers reported no symptoms and five 

farmers reported being bothered a lot by any of the symptoms. More rice farmers were 

bothered at all with trouble with short-term memory (p=0.02), needing reminders to 

do things (p=0.02) and forgetting appointments, family occasions or holidays (p=0.01) 

compared to vegetable/fruit farmers (Data not shown).  
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Table 4.26: The prevalence of dementia symptoms reported by farmers in the past 4 weeks 

 
 

Symptoms 

Not bothered/ Bothered 

at all a 

Bothered at all 

Bothered a 

little 

Bothered 

a lot 

a) Do you often repeat yourself or ask the same question 

over and over? 

144 (96.0)/ 6 (4.0) 4 (2.7) 2 (1.3) 

b) Are you more forgetful, that is, having trouble with short-

term memory? 

133 (88.7)/ 17 (11.3) 14 (9.3) 3 (2.0) 

c) Do you need reminders to do things like chores, shopping 

or taking medicine? 

140 (93.3)/ 10 (6.6) 8 (5.3) 2 (1.3) 

d)Do you forget appointments, family occasions or 

holidays? 

138 (92.0)/ 12 (8.0) 11 (7.3) 1 (0.7) 

e) Are you sad, down in the dumps or cry more often than in 

the past? 

149 (99.3)/ 1 (0.7) 1 (0.7) 0 (0.0) 

f) Have you started having double doing calculations, 

managing finances or balancing the chequebook? 

147 (98.0)/ 3 (2.0) 2 (1.3) 1 (0.7) 

g) Have you lost interest in your usual activities such as 

hobbies, reading, church or other social activities? 

148 (98.7)/ 2 (1.4) 1 (0.7) 1 (0.7) 

h) Have you started needing help eating, dressing, bathing 

or using the bathroom? 

150 (100)/ 0 (0.0) 0 (0.0) 0 (0.0) 

i)Have you become irritable, agitated or suspicious, or 

started seeing, hearing or believing things that are not real?  

150 (100)/ 0 (0.0) 0 (0.0) 0 (0.0) 

j) Are you concerned about your driving, for example, 

getting lost or driving unsafely? 

149 (99.3)/ 1 (0.7) 1 (0.7) 0 (0.0) 

k) Do you have trouble finding the words you want to say, 

or naming people or things? 

147 (98.0)/ 3 (2.0) 3 (2.0) 0 (0.0) 

l) Do you think you’re having trouble with your nerves?  145 (96.7)/ 5 (3.3) 5 (3.3) 0 (0.0) 

a Bothered at all is combination of bothered a little and bothered a lot 

 

 

Table 4.27 shows the characteristic of dementia symptoms reported by the 

farmers in the past 4 weeks. One screen positive case of dementia was identified and 

there was no statistically difference with the type of farming (p=1.00). Only 16.0% of 

farmers were categorised as being bothered at all by any dementia symptoms and with 

20.5% of rice farmers being so bothered as compared to 10.4% of vegetable/fruit 

farmers (p=0.10) 

 

Table 4.27: The characteristic of dementia symptoms  

 
 

Variable 

Total 

(n=150) 

Type of farming 

Rice (n=83) Vegetable/ 

Fruit (n=67) 

P value 

Screen positive dementia, n (%) a 

   Yes 

    No  

 

1 (0.7) 

149 (99.3) 

 

1 (1.2) 

82 (98.8) 

 

0 (0.0) 

67 (100) 

1.00 c 

Dementia symptoms, n (%) 

   Not bothered 

   Bothered at all b 

 

126 (84.0) 

24 (16.0) 

 

66 (79.5) 

17 (20.5) 

 

60 (89.6) 

7 (10.4) 

0.10 d 

a The farmers were screen positive for dementia if they answer bothered a lot to (a), (i) or (j) questions 

in Table 6.8 and the severity cumulative score was greater than 4 or more if each positive answer was 

scored as 1, b Bothered at all is combination of bothered a little and bothered a lot, c P value by Fisher 

Exact test, d P value by Chi-Square test  
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4.2.6 Associations between ill health and demographic factors, working 

practices and pesticide exposure 

 

4.2.6.1 Associations between ill health and demographic factors 

 

Table 4.28 shows the associations between average or poor general health and 

high blood pressure and demographic factors among the farmers. The farmers with 

average or poor health were older (p<0.01), married (p=0.01), overweight or obese 

(p=0.02) and had never been to school (p=0.02). Meanwhile, older farmers reported 

high blood pressure more than younger farmers (p<0.01). 

 

Table 4.29 shows the associations between somatic and neuropsychiatry 

symptoms and demographic factors among the farmers. The farmers who reported 

being bothered at all by somatic symptoms and dementia were older than those not 

bothered (p<0.01). The farmers who reported being bothered at all by Parkinsonism 

symptoms were older (p<0.01), more likely to be married (p=0.01) and from lower 

income families (p=0.02) than those not bothered. The farmers who reported being 

bothered at all by depression symptoms were older (p=0.02) and from lower income 

families (p=0.01) than those not bothered. 

 

4.2.6.2 Associations between ill health and occupational histories and working 

practices  

 

Table 4.30 shows the associations between average or poor general health and high 

blood pressure and occupational histories and working practices of the farmers during 

previous spraying sessions. The work duration of farmers who reported average or 

poor health was longer than those farmers who reported very good/good health 

(p<0.01) and they also started working early than those farmers who reported very 

good/ good health (p=0.04). However, the farm size was smaller in farmers who 

reported average/poor health than those reported very good/good health (p<0.01). 

Interestingly, the farmers who had average or poor health normally sprayed less than 

one day per week than those who reported very good/good health status (p=0.01). 
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Those who reported having a high blood pressure had worked for longer as a 

farmer compared to those who had worked less (p<0.01). The farmers who reported 

having high blood pressure were more likely to have had an incident while using 

pesticide compared to those farmers who reported normal blood pressure (p=0.04).  

 

Table 4.31 shows the associations between somatic and neuropsychiatry 

symptoms and occupational history and working practices of the farmers during 

previous spraying session. The farmers who reported being bothered at all by somatic 

symptoms had worked as farmers longer than those who were not bothered (p<0.01). 

The farmers who reported being bothered at all by Parkinsonism symptoms had work 

as farmers longer (p<0.01) were more likely to re-enter into sprayed field (p=0.04), 

had had incidents while using pesticides p=0.01) and had not used PPE (p=0.02) 

compared to those not bothered.  

 

The farmers who reported being bothered at all by depression symptoms were 

more likely to have had an incident while using pesticides than those not bothered 

(p=0.02). The farmers who reported being bothered at all by dementia symptoms had 

started working at a younger age (p=0.01) and had worked as farmers longer (p=0.01) 

than those not bothered.  

 

4.2.6.3 Associations between ill health and post work hygienic behaviour of 

farmers  

 

Table 4.32 shows the associations between average or poor health and high blood 

pressure and washing and showering behaviours of the farmers during previous 

spraying sessions and Table 4.33 shows the associations between somatic and 

neuropsychiatry symptoms and washing and showering behaviours of the farmers 

during previous spraying sessions. There were no statistically significant differences 

in washing and showering behaviours of the farmers and ill-health. 

 

Table 4.34 shows the associations between average or poor health and high 

blood pressure and repairing and cleaning equipment after spraying during previous 

spraying sessions and Table 4.35 shows the associations between somatic and
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Table 4.28: Associations between average/poor general health and high blood pressure and demographic factors 

 

 

Variable 

Average/poor general health condition High blood pressure 

Very good/ 

good (n=107) 

Average/Poor 

(n=43) 

P value Yes (n=22) No (n=128) P value 

Age, yrs 

     Mean SD 

     Min-Max 

 

43.0 15.3 

17-77 

 

59.0 10.4 

36-81 

<0.01 a  

61.3 12.9 

23-81 

 

45.2 15.1 

17-77 

<0.01 a 

 

BMI, n (%) 

     Under weight 

     Normal weight  

     Overweight 

     Obesity  

 

10 (9.3) 

71 (66.4) 

23 (21.5) 

3 (2.8) 

 

0 (0.0) 

25 (58.1) 

14 (32.6) 

4 (9.3) 

0.02 b  

2 (9.1) 

11 (50.0) 

8 (36.4) 

1 (4.5) 

 

8 (6.2) 

85 (66.4) 

29 (22.7) 

6 (4.7) 

0.34 b 

Marital status, n (%) 

     Single 

     Married 

     Widowed/Divorced 

 

26 (24.4) 

79 (73.8) 

2 (1.8) 

 

0 (0.0) 

42 (97.7) 

1 (2.3) 

<0.01 b  

1 (4.5) 

21 (95.5) 

0 (0.0) 

 

25 (19.5) 

100 (78.1) 

3 (2.4) 

0.29 b 

Educational level, n (%) 

     Never been to school 

     Primary education  

     Secondary education 

     Tertiary education  

 

4 (3.7) 

32 (29.9) 

63 (58.9) 

8 (7.5) 

 

6 (14.0) 

9 (20.9) 

24 (55.8) 

4 (9.3) 

0.02 b  

3 (13.6) 

6 (27.4) 

12 (54.5) 

1 (4.5) 

 

7 (5.5) 

35 (27.3) 

75 (58.6) 

11 (8.6) 

0.53 b 

Income per month, n (%) 

     Low income  

     Middle income  

 

62 (57.9) 

45 (42.1) 

 

25 (58.1) 

18 (41.9) 

1.00 c  

15 (68.2) 

7 (31.8) 

 

72 (56.2) 

56 (43.8) 

0.45 c 

Smoking status, n (%) 

     Current/ex-smokers 

     Non-smokers 

 

70 (65.4) 

37 (34.6) 

 

35 (81.4) 

8 (18.6) 

0.05 c  

14 (63.6) 

8 (36.4) 

 

91 (71.1) 

37 (28.9) 

0.48 c 

a P value by Independent T-test, b P value by Fisher Exact test, c P value by Chi-Square test 
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Table 4.29: Associations between somatic and neuropsychiatry symptoms and demographic factors 

 

 

Variable 

Somatic symptoms Parkinsonism/neurology 

symptoms 

Depression symptoms Dementia symptoms 

Not Bothered (n=79)/ 

Bothered at all (n=71) 

P value Not Bothered (n=123)/ 

Bothered at all (n=27) 

P value Not Bothered (n=136)/ 

Bothered at all (n=14) 

P value Not Bothered (n=126)/ 

Bothered at all (n=24) 

P value 

Age, yrs 

     Mean SD 

     Min-Max 

 

44.6 15.3/50.9 15.8 

17-75/18-81 

<0.01 a 

 

 

44.8 14.9/60.2 13.9 

17-75/29-81 

<0.01 a  

46.6 15.8/57.2 13.6 

17-81/36-77 

0.02 a  

45.1 15.3/56.3 15.8 

17-81/24-77 

<0.01 a 

BMI, n (%) 

     Under weight 

     Normal weight  

     Overweight 

     Obesity  

 

4 (5.1)/ 6(8.5) 

50 (63.3)/ 46 (64.8) 

19 (24.0)/ 18 (25.4) 

6 (7.6)/ 1 (1.3) 

0.30 b  

9 (7.3)/ 1 (3.7) 

77 (62.6)/ 19 (70.4) 

31 (25.2)/ 6 (22.2) 

6 (4.9)/ 1 (3.7) 

0.93 b  

9 (6.6)/ 1 (7.1) 

88 (64.7)/ 8 (57.2) 

33 (24.3)/ 4 (28.6) 

6 (4.4)/ 1 (7.1) 

0.75 b  

10 (7.9)/ 0 (0.0) 

77 (61.1)/ 19 (79.2) 

32 (25.4)/ 5 (20.8) 

7 (5.6)/ 0 (0.0) 

0.32 b 

Marital status, n (%) 

     Single 

     Married 

     Widowed/Divorced   

 

17 (21.5)/ 9 (12.7) 

60 (75.9)/ 61 (85.9) 

2 (2.6)/ 1 (1.4) 

0.14 b  

26 (21.1)/ 0 (0.0) 

94 (76.4)/ 27 (100.0) 

3(2.4)/ 0 (0.0) 

0.01 b  

26 (19.1)/ 0 (0.0) 

107 (78.7)/ 14 (100.0) 

3 (2.2)/ 0 (0.0) 

0.22 b  

25 (19.8)/ 1 (4.2) 

98 (77.8)/ 23 (95.8) 

3 (2.4)/ 0 (0.0) 

0.21 b 

Educational level, n (%) 

     Never been to school 

     Primary education  

     Secondary education 

     Tertiary education  

 

3 (3.8)/ 7 (9.9) 

22 (27.8)/ 19 (26.8) 

45 (57.0)/ 42 (59.2) 

9 (11.4)/ 3 (4.1) 

0.23 b  

6 (4.9)/ 4 (14.8) 

36 (29.2)/ 5 (18.5) 

69 (56.1)/ 18 (66.7) 

12 (9.8)/ 0 (0.0) 

0.06 b  

9 (6.6)/ 1 (7.1) 

36 (26.5)/ 5 (35.7) 

79 (58.1)/ 8 (57.2) 

12 (8.8)/ 0 (0.0) 

0.31 b  

8 (6.3)/ 2 (8.3) 

36 (28.6)/ 5 (20.8) 

70 (55.6)/ 17 (70.8) 

12 (9.5)/ 0 (0.0) 

0.30 b 

Income per month, n (%) 

     Low income  

     Middle income  

 

42 (53.1)/ 45 (63.4) 

37 (46.9)/ 26 (36.6) 

0.25 c  

65 (52.8)/ 22 (81.5) 

58 (47.2)/ 5 (18.5) 

0.02 c  

74 (54.4)/ 13 (92.9) 

62 (45.6)/ 1 (7.1) 

0.01 b  

72 (57.1)/ 15 (62.5) 

54 (42.9)/ 9 (37.5) 

0.85 c 

Smoking status, n (%) 

     Current/ex-smokers 

     Non-smokers 

 

56 (70.9)/ 49 (69.0) 

23 (29.1)/ 22 (31.0) 

0.80 c  

85 (69.1)/ 20 (74.1) 

38 (30.9)/ 7 (25.9) 

0.61 c  

134 (98.5)/ 13 (92.9) 

2 (1.5)/ 1 (7.1) 

0.27 b  

86 (68.3)/ 19 (79.2) 

40 (31.7)/ 5 (20.8) 

0.29 c 

a P value by Independent T-test, b P value by Fisher Exact test, c P value by Chi-Square test 
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Table 4.30: Associations between average/poor general health and high blood pressure and occupational histories and working practices during previous spraying sessions 

 

 

Variable 

Average/poor general health condition High blood pressure 

Very good/good 

(n=107) 

Average/ Poor 

(n=43) 

P value Yes (n=22) No (n=128) P value 

Age start working, yrs 

    Median (IQR) 

 

18.0 (4.0) 

 

17.0 (7.0) 

0.04 c  

16.0 (12.0) 

 

18.0 (5.0) 

0.79 c 

Duration work as farmers, yrs 

    Median (IQR)   

 

12.0 (25.0) 

 

36.0 (22.0) 

<0.01 c  

33.5 (25.5) 

 

14.5 (28.8) 

<0.01 c 

Farm size, acre 

     Median (IQR) 

 

5.0 (8.0) 

 

2.0 (5.0) 

<0.01 c  

2.8 (3.3) 

 

4.0 (8.0) 

0.17 c 

Spraying per day, hour 

     Median (IQR) 

 

1.0 (0.0) 

 

1.0 (1.0) 

0.06 c  

2.0 (1.0) 

 

2.0 (1.0) 

0.85 c 

Days sprayed per week, n (%) 

     1 day or less  

     2-3 days 

     4-5 days  

     6-7 days 

 

20 (18.7) 

67 (62.6) 

12 (11.2) 

8 (7.5) 

 

18 (41.9) 

16 (37.2) 

7 (16.3) 

2 (4.7) 

0.01 d  

6 (27.3) 

12 (54.5) 

2 (9.1) 

2 (9.1) 

 

32 (25.0) 

71 (55.5) 

17 (13.3) 

8 (6.3) 

0.89 d 

Mixing pesticide, n (%) 

     <50% of time 

     >50% of time 

 

3 (2.8) 

104 (97.2) 

 

2 (4.7) 

41 (95.3) 

0.63 d  

1 (4.5) 

21 (95.5) 

 

4 (3.1) 

124 (96.9) 

0.55 d 

Application methods, n (%) 

     Backpack sprayer 

     Power sprayer 

     Blower 

 

71 (66.4) 

15 (14.0) 

21 (19.6) 

 

35 (81.4) 

5 (11.6) 

3 (7.0) 

0.12 d  

17 (77.3) 

2 (9.1) 

3 (13.6) 

 

89 (69.5) 

18 (14.1) 

21 (16.4) 

0.88 d 

Bystander exposure, n (%) 

     Yes 

     No 

 

23 (21.5) 

84 (78.5) 

 

9 (20.9) 

34 (79.1) 

1.00 e  

4 (18.2) 

18 (81.8) 

 

28 (21.9) 

100 (78.1) 

1.00 d 

Re-entry into the sprayed field, n (%) 

     Yes 

     No 

 

27 (25.2) 

80 (74.8) 

 

11 (25.6) 

32 (74.4) 

1.00 e  

5 (22.7) 

17 (77.3) 

 

33 (25.8) 

95 (74.2) 

0.71 e 
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Incident while using pesticide, n (%) 

     Yes 

     No 

 

26 (24.3) 

81 (75.7) 

 

10 (23.3) 

33 (76.7) 

1.00 e  

9 (40.9) 

13 (59.1) 

 

27 (21.1) 

101 (78.9) 

0.04 e 

Nature of incident, n (%); n (36) 

     Leakage 

     Spillage 

 

9 (34.6) 

17 (65.4) 

 

1 (10.0) 

9 (90.0) 

0.22 d  

2 (22.2) 

7 (77.8) 

 

8 (29.6) 

19 (70.4) 

1.00 d 

PPE used, n (%) 

     Yes 

      No 

 

80 (74.8) 

27 (25.2) 

 

34 (79.1) 

9 (20.9) 

0.58 e  

15 (68.2) 

7 (31.8) 

 

99 (77.3) 

29 (22.7) 

0.35 e 

a Good knowledge scores is when the score above median and poor knowledge scores is when the score below median, b Good practice scores is when the score above median 

and poor practice scores is when the score below median,  c P value by Mann- Whitney U test, d P value by Fisher Exact test, e P value by Chi-Square test 
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neuropsychiatry symptoms and repairing and cleaning equipment after spraying 

during previous spraying sessions. The farmers who were bothered at all by 

depression symptoms used cleaning agents more than those farmers who were not 

bothered (p=0.01). 

 

4.2.6.4 Associations between ill health and pesticide use  

 

Table 4.36 shows the associations between average/poor general health and high 

blood pressure and pesticide use of the farmers during first day of current spraying 

week. The farmers who reported very good/good health used fungicides more 

(p=0.02) used more than one pesticide (p=0.01) compared to that reporting average or 

poor health. The farmers who reported having high blood pressure used herbicides 

more than farmer who reported normal blood pressure (p=0.01).  

 

Table 4.37 shows the associations between somatic and neuropsychiatry 

symptoms and pesticide use of the farmers during first day of current spraying week. 

The farmers who reported being bothered at all by Parkinsonism symptoms were more 

likely to use herbicides than those not bothered (p=0.04). Otherwise, there were no 

associations between somatic and neuropsychiatry symptoms and number of 

pesticides and type of pesticides use. 

 

4.2.6.5 Association between ill health and pesticide exposure  

 

Table 4.38 shows the associations between average/poor general health and high 

blood pressure and pesticide exposure. The farmers who reported very good/good 

health had higher pesticide exposure score based on EFS compared to that reporting 

average or poor health (p=0.01). Inversely, the farmers who reported having high 

blood had lower pesticide exposure score based on EFS than farmer who reported 

normal blood pressure (p<0.01).  

 

Table 4.39 shows the associations between somatic and neuropsychiatry 

symptoms and current pesticide exposure. There were no associations between 

somatic and neuropsychiatry symptoms and current pesticide exposure. 
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4.2.7 Logistic regression analysis of potential pesticide risk factors for ill health 

 

4.2.7.1 Pesticide exposure and average/poor general health among the farmers 

 

Table 4.40 shows the final model for pesticide predictors for average/poor general 

health among the farmers. Binary logistic regression adjusted analyses included the 

following potential confounders such as age, BMI, educational level, age start 

working, duration work as farmers and farm size showed that farmers who sprayed 

less than 1 day per week had 5-fold increased risk (OR=5.22; 95%CI: 1.69, 17.22) of 

having average/poor health. 

 

4.2.7.2 Pesticide exposure and high blood pressure among the farmers 

 

Table 4.41 shows the final model for pesticide predictors for high blood pressure 

among the farmers. Binary logistic regression adjusted analyses included the 

following potential confounders such as age and duration work as farmers found that 

farmers who had an incident while using pesticide had nearly 4-fold (OR=4.06; 

95%CI: 1.21, 11.66) increased risk of having high blood pressure.  

 

4.2.7.3 Pesticide exposure and Parkinsonism and neurology symptoms among the 

farmers 

 

Table 4.42 shows the final model for pesticide predictors for being bothered at all by 

Parkinsonism/neurology symptoms among the farmers. Binary logistic regression 

adjusted analyses included the following potential confounders such as age, income, 

duration work as farmers found that farmers who had incident while using pesticide 

had 4-folds increase (OR=4.48; 95%CI:1.46, 10.94) of having bothered at all of 

Parkinsonism/neurology symptoms.  

 

4.2.7.4 Pesticide exposure and depression symptoms among the farmers 

 

Table 4.43 shows the final model for pesticide predictors for being bothered at all by 

depression symptoms among the farmers. Binary logistic regression adjusted analyses 

included the following potential confounders such as age and income, found a trend  
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Table 4.31: Associations between somatic and neuropsychiatry symptoms and occupational history and work practices 

 

 

Variable 

Somatic symptoms Parkinsonism/neurology 

symptoms 

Depression symptoms Dementia 

Not Bothered (n=79)/ 

Bothered at all (n=71) 

P value Not Bothered 

(n=123)/ Bothered at 

all (n=27) 

P value Not Bothered 

(n=136)/ Bothered at 

all (n=14) 

P 

value 

Not Bothered 

(n=126)/ Bothered 

at all  (n=24) 

P 

value 

Age start working, yrs 

   Median (Q1-Q3) 

 

18.0 (4.0)/ 18.0 (5.0) 

0.99 c  

18.0 (5.0)/ 18.0 (6.0) 

0.13 c  

18.0 (5.0) /18.0 (3.0) 

0.40 c  

18.0 (4.0)/ 14.5 

(6.0) 

0.01 c 

Duration work as farmers, yrs 

   Median (Q1-Q3) 

 

12.0 (26.0)/ 30.0 (32.0) 

<0.01 c  

14.0 (28.0)/ 36.0 

(25.0) 

<0.01 c  

16.5 (30.8)/ 27.5 

(20.3) 

0.17 c  

16.5 (28.3)/ 

34.5(36.8) 

0.03 c 

Farm size, acre 

   Median (Q1-Q3) 

 

3.0 (7.0)/ 5.0 (8.0) 

0.30 c  

4.0 (8.0)/ 4.0 (6.0) 

0.60 c 

 

 

3.8 (7.8) /8.0 (18.0) 

0.10 c  

3.6 (8.0)/ 4.0 (6.1) 

0.35 c 

Spraying per day, hour 

     Median (Q1-Q3) 

 

1.0 (1.0)/ 1.0 (0) 

0.77 c  

1.0 (1.0)/ 1.0 (1.0) 

0.06 c  

1.0 (1.0) /1.0 (2.0) 

0.06 c  

10 (1.0)/ 1.0 (0) 

0.73 c 

Days sprayed per week, n (%) 

     1 day or less  

     2-3 days 

     4-5 days  

     6-7 days 

 

22 (27.8)/ 16 (22.5) 

45 (57.0)/ 38 (53.5) 

8 (10.1)/ 11 (15.5) 

4 (5.1)/ 6 (8.5) 

0.57 d  

34 (27.6)/ 4 (14.8) 

67 (54.5)/ 16 (59.3) 

15 (12.2)/ 4 (14.8) 

7 (5.7)/ 3 (11.1) 

0.40 e  

34 (25.1)/ 4 (28.6) 

77 (56.6)/ 6 (42.9) 

18 (13.2)/ 1 (7.1) 

7 (5.1)/ 3 (21.4) 

0.13 e  

36 (28.6)/ 2 (8.3) 

66 (52.4)/ 17 (70.8) 

17 (13.4)/ 2 (8.3) 

7 (5.6)/ 3 (12.6) 

0.07 e 

Mixing pesticide, n (%) 

     <50% of time 

     >50% of time 

 

1 (1.3)/ 4 (5.6) 

78 (98.7)/ 67 (94.4) 

0.19 e  

4 (3.3)/ 1 (3.7) 

119 (96.7)/ 26 (96.3) 

1.00 e  

5 (3.7)/ 0 (0) 

131 (96.3)/ 14 

(100.0) 

1.00 e  

4 (3.2)/ 1 (4.2) 

122 (96.8)/ 23 

(95.8) 

0.59 e 

Application methods, n (%) 

     Backpack sprayer  

     Power sprayer 

     Blower 

 

56 (70.9)/ 50 (70.4) 

11 (13.9)/ 9 (12.7) 

12 (15.2)/ 12 (16.9) 

0.95 d  

83 (67.5)/ 23 (85.2) 

17 (13.8)/ 3 (11.1) 

23 (18.7)/ 1 (3.7) 

0.12 e  

94 (69.1)/ 12 (85.8) 

19 (14.0)/ 1 (7.1) 

23 (16.9)/ 1 (7.1) 

0.61 e  

89 (70.6)/ 17 (70.8) 

17 (13.5)/ 3 (12.5) 

20 (15.9)/ 4 (16.7) 

1.00 e 
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Bystander farmers, n (%) 

     Yes 

     No 

 

18 (22.8)/ 14 (19.7) 

61 (77.2)/ 57 (80.3) 

0.65 d  

29 (23.6)/ 3 (11.1) 

94 (76.4)/ 24 (88.9) 

0.15 e  

27 (19.9)/ 5 (35.7) 

109 (80.1)/ 9 (64.3) 

0.17 d  

29 (23.0)/ 3 (12.5) 

97 (77.0)/ 21 (87.5) 

0.25 e 

Re-entry into sprayed field, n 

(%) 

     Yes 

     No 

 

 

17 (21.5)/ 21 (29.6) 

62 (78.5)/ 50 (70.4) 

0.26 d  

 

27 (22.0)/ 11 (40.7) 

96 (78.0)/ 16 (59.3) 

0.04 d  

 

33 (24.3)/ 5 (35.7) 

103 (75.7)/ 9 (64.3) 

0.35 d  

 

29 (23.0)/ 9 (37.5) 

97 (77.0)/ 15 (62.5) 

0.14 d 

Incident while using pesticide, 

n (%) 

     Yes 

      No 

 

 

16 (20.3)/ 20 (28.2) 

63 (79.7)/ 51 (71.8) 

0.26 d  

 

24 (19.5)/ 12 (44.4) 

99 (80.5)/ 15 (55.6) 

0.01 d  

 

29 (21.3)/ 7 (50.0) 

107 (78.7)/ 7 (50.0) 

0.02 d  

 

30 (23.8)/ 6 (25.0) 

96 (76.2)/ 18 (75.0) 

1.00 d 

Nature of incident, n (%); n 

(36) 

     Leakage 

     Spillage 

 

 

5 (31.2)/5 (25.0) 

11 (68.8)/15 (75.0) 

0.68 d  

 

8 (33.3)/2 (16.7) 

16 (66.7)/10 (83.3) 

0.44 e  

 

8 (27.6)/2 (28.6) 

21 (72.4)/5 (71.4) 

1.00 e  

 

10 (33.3)/0 (0.0) 

20 (66.7)/6 (100) 

0.16 d 

PPE used, n (%) 

     Yes  

     No  

 

62 (78.4)/ 52 (73.2) 

17 (21.6)/ 19 (26.8) 

0.45 d  

98 (79.7)/ 16 (59.3) 

25 (20.3)/ 11 (40.7) 

0.02 d  

106 (77.9)/ 8(57.1) 

30 (22.1) /6 (42.9) 

0.08 d  

99 (78.6)/ 15 (62.5) 

27 (21.4)/ 9 (37.5) 

0.09 d 

a Good knowledge scores is when the score above median and poor knowledge scores is when the score below median, b Good practice scores is when the score above median 

and poor practice scores is when the score below median, c P value by Mann- Whitney U test, d P value by Chi-Square test, e P value by Fisher Exact test 
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Table 4.32: Associations between average/poor general health and high blood pressure and washing and showering behaviours of the farmers 

 

Variable Average/poor general health condition High blood pressure 

Very good/good (n=107) Average/ Poor (n=43) P value Yes (n=22) No (n=128) P value 

Change into clean clothes, n (%) 

     Right away 

     Later at the end of the day  

 

89 (83.2) 

18 (16.8) 

 

30 (69.8) 

13 (30.2) 

0.07 a  

18 (81.1) 

4 (18.2) 

 

101 (78.9) 

27 (21.1) 

1.00 b 

Shower after spraying pesticide, n (%) 

     Right away 

     Later at the end of the day 

 

67 (62.6) 

40 (37.4) 

 

33 (76.7) 

10 (23.3) 

0.10 a  

17 (77.3) 

5 (22.7) 

 

83 (64.8) 

45 (35.2) 

0.25 a 

Wash hand/arm after spraying pesticide, n (%) 

     Right away 

     Later at the end of the day 

 

106 (99.1) 

1 (0.9) 

 

43 (100) 

0 (0.0) 

1.00 b  

22 (100) 

0 (0.0) 

 

127 (99.2) 

1 (0.8) 

1.00 b 

a P value Chi-Square test, b P value by Fisher Exact test 
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Table 4.33: Associations between somatic and neuropsychiatry symptoms and washing and showering behaviours of the farmers 

 

 

Variable 

Somatic symptoms Parkinsonism/neurology 

symptoms 

Depression symptoms Dementia 

Not Bothered 

(n=79)/ Bothered at 

all (n=71) 

P 

value 

Not Bothered 

(n=123)/ 

Bothered at all (n=27) 

P 

value 

Not Bothered 

(n=136)/ Bothered at 

all  (n=14) 

P 

value b 

Not Bothered 

(n=126)/ Bothered 

at all  (n=24) 

P 

value 

Change into clean clothes, n (%) 

     Right away 

     Later at the end of the day  

 

62 (78.5)/ 57 (80.3) 

17 (21.5)/ 14 (19.7) 

0.79 a  

97 (78.9)/ 22 (81.5) 

26 (21.1)/ 5 (18.5) 

0.76 a  

109 (80.1)/ 10 (71.4) 

27 (19.9)/ 4 (28.6) 

0.49   

98 (77.8)/ 21 (87.5) 

28 (22.2)/ 3 (12.5) 

0.41 b 

Shower after spraying pesticide, n (%) 

     Right away 

     Later at the end of the day 

 

52 (65.8)/ 48 (67.6) 

27 (34.2)/ 23 (32.4) 

0.82 a  

81 (65.9)/ 19 (70.4) 

42 (34.1)/ 8 (29.6) 

0.65 a  

90 (66.2)/ 10 (71.4) 

46 (33.8)/ 4 (28.6) 

0.78   

85 (67.5)/ 15(62.5) 

41 (32.5)/ 9 (37.5) 

0.64 a 

Wash hand/arm after spraying 

pesticide, 

 n (%) 

     Right away 

     Later at the end of the day 

 

 

 

78 (98.7)/ 71 (100) 

1 (1.3)/ 0 (0.0) 

1.00 b  

 

 

122 (99.2)/ 27 (100) 

1 (0.8)/ 0 (0.0) 

1.00 b  

 

 

135 (99.3) /14 (100) 

1 (0.7)/ 0 (0.0) 

1.00  

 

 

125 (99.2)/ 24 (100) 

1 (0.8)/ 0 (0.0) 

1.00 b 

b P value by Chi-Square test, b P value by Fisher Exact test 
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Table 4.34: Associations between average/poor general health and high blood pressure and repairing and cleaning equipment after spraying by the farmers 

 

 

Variable 

Average/poor general health condition High blood pressure 

Very good/good 

(n=107) 

Average/ Poor 

(n=43) 

P value Yes (n=22) No (n=128) P value 

Repair spraying or mixing equipment, n (%) 

     Yes 

     No 

 

67 (62.6) 

40 (37.4) 

 

33 (76.7) 

10 (23.3) 

0.10 a  

17 (77.3) 

5 (22.7) 

 

83 (64.8) 

45 (35.2) 

0.25 a 

Wash equipment after pesticide use, n (%) 

     Yes 

     No 

 

89 (83.2) 

18 (16.8) 

 

30 (69.8) 

13 (30.2) 

0.07 a  

18 (81.8) 

4 (18.2) 

 

101 (78.9) 

27 (21.1) 

1.00 b 

Frequency clean spraying equipment (n=119), n (%) 

     Always 

     Most of the times 

     Half of the times 

     Sometimes 

 

23 (25.8) 

12 (13.5) 

5 (5.6) 

49 (55.1) 

 

5 (16.7) 

7 (23.3) 

0 (0.0) 

18 (60.0) 

0.27 a  

4 (22.2) 

5 (27.8) 

0 (0.0) 

9 (50.0) 

 

24 (23.8) 

14 (13.9) 

5 (5.0) 

58 (57.4) 

0.41 b 

Place clean spraying equipment (n=119), n (%) 

     Farm 

     Home 

 

66 (74.2) 

23 (25.8) 

 

23 (76.7) 

7 (23.3) 

0.78 a  

13 (72.2) 

5 (27.8) 

 

76 (75.2) 

25 (24.8) 

0.79 a 

Activity when clean spraying equipment (n=119), n  (%) 

     Hose down the sprayer 

     Clean nozzle 

     Rinse tank 

 

3 (3.4) 

2 (2.2) 

84 (94.4) 

 

0 (0.0) 

1 (3.3) 

29 (96.7) 

0.57 b  

0 (0.0) 

0 (0.0) 

18 (100) 

 

3 (3.0) 

3 (3.0) 

95 (94.0) 

0.57 b 

Material used to clean the equipment (n=119), n (%)         

     Sand only 

     Water only 

     Water and soap 

     Cleaning agent 

 

0 (0.0) 

76 (85.4) 

12 (13.5) 

1 (1.1) 

 

1 (3.3) 

26 (86.7) 

3 (10.0) 

0 (0.0) 

0.37 b  

0 (0.0) 

18 (100) 

0 (0.0) 

0 (0.0) 

 

1 (1.0) 

84 (83.1) 

15 (14.9) 

1 (1.0) 

0.32 b 

a P value by Chi-Square test, b P value by Fisher Exact test 
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Table 4.35: Associations between somatic and neuropsychiatry symptoms and repairing and cleaning equipment after spraying by the farmers 

 

 

Variable 

Somatic symptoms Parkinsonism/neurology 

symptoms 

Depression symptoms Dementia 

Not Bothered (n=79)/ 

Bothered at all  

(n=71) 

P 

value 

Not Bothered (n=123)/ 

Bothered at all (n=27) 

P 

value 

Not Bothered (n=136)/ 

Bothered at all  (n=14) 

P 

value b 

Not Bothered 

(n=126)/ Bothered at 

all  (n=24) 

P value 

Repair spraying or mixing equipment, n 

(%) 

     Yes 

     No 

 

52 (65.8)/ 48 (67.6) 

27 (34.2)/ 23 (32.4) 

0.82 a  

81 (65.9)/ 19 (70.4) 

42 (34.1)/ 8 (29.6) 

0.65 b  

90 (66.2)/ 10 (71.4) 

46 (33.8)/ 4 (28.6) 

0.78   

85 (67.5)/ 15(62.5) 

41 (32.5)/ 9 (37.5) 

0.64 a 

Wash equipment after pesticide use, n 

(%) 

     Yes 

     No 

 

62 (78.5)/ 57 (80.3) 

17 (21.5)/ 14 (19.7) 

0.79 a  

97 (78.9)/ 22 (81.5) 

26 (21.1)/ 5 (18.5) 

0.76 b  

109 (80.1)/ 10 (71.4) 

27 (19.9)/ 4 (28.6) 

0.49   

98 (77.8)/ 21 (87.5) 

28 (22.2)/ 3 (12.5) 

0.41 b 

Frequency clean spraying equipment 

(n=119), n (%) 

     Always 

     Most of the times 

     Half of the times 

     Sometimes 

 

 

16 (25.8)/ 12 (21.1) 

10 (16.1) 19 (15.8) 

1 (1.6)/ 4 (7.0) 

35 (56.5)/ 32 (56.1) 

0.51 b  

 

22 (22.7)/ 6 (27.3) 

14 (14.4)/ 5 (22.7) 

2 (2.1)/ 3 (13.6) 

59 (60.8)/ 8 (36.4) 

0.04 b  

 

25 (22.9)/ 3 (30.0) 

18 (16.5)/ 1 (10.0) 

4 (3.7)/ 1 (10.0) 

62 (56.9)/ 5 (50.0) 

0.71  

 

24 (24.5)/ 4 (19.0) 

15 (15.3)/ 4 (19.0) 

3 (3.1)/ 2 (9.5) 

56 (57.1)/ 11 (52.5) 

0.54 b 

Place clean spraying equipment (n=119), 

n (%) 

     Farm 

     Home 

 

 

45 (75.8)/42 (73.7) 

15 (24.2)/15 (26.3) 

0.79 a  

 

72 (74.2)/17 (77.3) 

25 (25.8)/5 (22.7) 

0.77 a  

 

82 (75.2)/7 (70.0) 

27 (24.8)/3 (30.0) 

0.71  

 

73 (74.5)/16 (76.2) 

25 (25.5)/5 (23.8) 

0.87 a 

Activity when clean spraying equipment 

(n=119), n (%) 

     Hose down the sprayer 

     Clean nozzle 

     Rinse tank 

 

 

1 (1.6)/2 (3.5) 

0 (0.0)/3 (5.3) 

61 (98.4)/52 (91.2) 

0.15 b  

 

1 (1.0)/2 (9.1) 

3 (3.1)/0 (0.0) 

93 (95.9)/20 (90.9) 

0.07 b  

 

2 (1.8)/1 (10.0) 

3 (2.8)/0 (0.0) 

104 (95.4)/9 (90.0) 

0.26  

 

2 (2.0)/1 (4.8) 

3 (3.1)/0 (0.0) 

93 (94.9)/20 (95.2) 

0.56 b 

 Material used to clean the equipment 

(n=119), n (%)  

     Sand only 

     Water only 

     Water and soap 

     Cleaning agent 

 

 

0 (0.0)/1 (1.7) 

56 (88.9)/47 (81.0) 

7 (11.1)/ 9 (15.6) 

0 (0.0)/ 1 (1.7) 

0.42 b  

 

1 (1.0)/0 (0.0) 

84 (87.5)/19 (82.6) 

13 (13.5)/3 (13.0) 

0 (0.0)/1 (4.4) 

0.21 b  

 

1 (0.9)/0 (0.0) 

95 (85.6)/8 (80.0) 

15 (13.5)/1 (10.0) 

0 (0.0)/1 (10.0) 

0.01  

 

1 (1.1)/0 (0.0) 

84 (84.8)/19 (86.4) 

14 (14.1)/2 (9.1) 

0 (0.0)/1 (4.5) 

0.17 b 

a P value by Chi-Square test, b P value by Fisher Exact test 
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Table 4.36: Associations between average/poor general health and high blood pressure and pesticide use during first day of current spraying week 

 

 

Variable 

Average/poor general health condition High blood pressure 

Very good/ 

Good (n=107) 

Average/ Poor (n=43) P value a Yes (n=22) No 

(n=128) 

P value a 

Number of pesticide(s), n (%) 

      Single pesticide  

      More than one  

 

37 (34.6) 

70 (65.4) 

 

25 (58.1) 

18 (41.9) 

0.01  

10 (45.5) 

12 (54.5) 

 

52 (40.6) 

76 (59.4) 

0.67 

Type of pesticide, n (%) 

      Insecticide  

      Herbicide  

      Fungicide  

 

85 (79.4) 

17 (15.9) 

44 (41.1) 

 

36 (83.7) 

12 (27.9) 

9 (20.9) 

 

0.55 

0.09 

0.02 

 

18 (81.8) 

9 (40.9) 

6 (27.3) 

 

103 (80.5) 

20 (15.6) 

47 (36.7) 

 

0.88 

0.01 

0.39 
a P value by Chi-Square test 

 

 

Table 4.37: Associations between somatic and neuropsychiatry symptoms and pesticide use during first day of current spraying week  

 

 

Variable 

Somatic symptoms Parkinsonism/neurology 

symptoms 

Depression symptoms Dementia symptoms 

Not Bothered 

(n=79)/ 

Bothered at all 

(n=71) 

P value a Not Bothered 

(n=123)/ 

Bothered at all 

(n=27) 

P value a Not bothered (n=136)/ 

Bothered at all (n=14) 

P value a Not Bothered 

(n=126)/ 

Bothered at all 

(n=24) 

P value 
a 

Number of pesticide(s), n 

(%) 

   Single pesticide  

   More than one  

 

 

28 (35.4)/ 34 (47.9) 

51 (64.6)/ 37 (52.1) 

0.12  

 

50 (40.7)/ 12 (44.4) 

73 (59.3)/ 15 (55.6) 

0.72  

 

57 (41.9)/ 5 (35.7) 

79 (58.1)/ 9 (64.3) 

0.65  

 

52 (41.3)/ 10 (41.7) 

74 (58.7)/ 14 (58.3) 

0.97 

Type of pesticide, n (%) 

   Insecticide  

   Herbicide  

   Fungicide 

 

68 (86.1)/ 53 (74.6) 

13 (16.5)/ 16 (22.5) 

25 (31.6)/ 28 (39.4) 

 

0.08 

0.35 

0.32 

 

102 (82.9)/ 19 (70.4) 

20 (16.3)/ 9 (33.3) 

41 (33.3)/ 12 (44.4) 

 

0.14 

0.04 

0.27 

 

110 (80.9)/ 11 (78.6) 

26 (19.1)/ 3 (21.4) 

46 (33.8)/ 7 (50) 

 

0.74 

0.74 

0.23 

 

102 (81)/ 19 (79.2) 

24 (19.0)/ 5 (20.8) 

44 (34.9)/ 9 (37.5) 

 

0.84 

0.84 

0.81 
a P value by Chi-Square test 
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Table 4.38: Associations between average/poor general health and high blood pressure and pesticide exposure 

 

 

Variable 

Average/poor general health High blood pressure 

Very good/ 

Good (n=107) 

Average/Poor (n=43) P value Yes (n=22) No (n= 128) P value 

EFS score 

     Median (Q1-Q3) 

 

163. 3 (113.1-241.9) 

 

108.9 (62.6-201.5) 

0.01 a  

108.9 (82.2-151.1) 

 

163.3 (108.9-251.7) 

<0.01 a 

AHS score 

     Median (Q1-Q3) 

 

2.4 (2.3-2.8) 

 

2.4 (2.4-2.8) 

0.22 a  

2.4 (2.4-3.5) 

 

2.4 (2.3-2.8) 

0.08 a 

DREAM scores (n=130) 

     Median (Q1-Q3) 

 

70.4 (39.0-112.6) 

 

86.7 (41.7-132.5) 

0.24 a 

 

 

86.7 (39.2-117.8) 

 

70.4 (40.8-122.5) 

0.90 a 

Level of urinary metabolites (n=25), n (%) 

     High /Very high 

     Minimal/Low 

 

10 (55.6) 

8 (44.4) 

 

2 (28.6) 

5 (71.4) 

0.38 b  

0 (0.0) 

2 (100) 

 

12 (52.2) 

11 (47.8) 

0.48 b 

a P value by Mann- Whitney U test, b P value by Fisher Exact test 
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Table 4.39: Associations between somatic and neuropsychiatry symptoms and pesticide exposure 

 

 

Variable 

Somatic symptoms Parkinsonism/neurology 

symptoms 

Depression symptoms Dementia symptoms 

Not Bothered 

(n=79)/ 

Bothered at all 

(n=71) 

P 

value 

Not Bothered 

(n=123)/ 

Bothered at all 

(n=27) 

P 

value 

Not Bothered 

(n=136)/ 

Bothered at all 

(n=14) 

P 

value 

Not Bothered 

(n=126)/ 

Bothered at all 

(n=24) 

P 

value 

EFS score 

     Median (Q1-Q3) 

 

154.0 (104.6-217.8)/ 

133.3 (108.9-251.9) 

0.93 a  

153.6 (104.6-241.9)/ 

133.3 (108.9-209.4) 

0.60 a  

151.1 (104.6-230.8)/ 

173.1 (108.9-251.9) 

0.69 a  

151.1 (103.7-244.0)/ 

142.2 (108.9-206.5) 

0.82 a 

AHS score 

     Median (Q1-Q3) 

 

2.4 (2.4-2.8)/ 

2.4 (2.4-2.8) 

0.97 a  

2.4 (2.4-2.5)/ 

2.4 (2.4-3.5) 

0.08 a  

2.4 (2.4-2.8)/ 

2.4 (2.4-3.1) 

0.29 a  

2.4 (2.4-2.8)/ 

2.4 (2.4-3.6) 

0.15 a 

DREAM scores (n=130) 

     Median (Q1-Q3) 

 

71.3 (39.0-122.3)/ 

74.3 (40.7-122.8) 

0.86 a  

70.4 (40.5-121.1)/ 

77.1 (37.8-122.5) 

0.75 a  

74.7 (40.7-123.1)/ 

48.6 (37.5-104.4) 

0.40 a  

74.1 (40.9-120.1)/ 

73.2 (37.6-127.2) 

0.71 a 

Level of urinary metabolites (n=25), n 

(%) 

     High /Very high 

     Minimal/ Low 

 

 

6 (46.2)/6 (50.0) 

7 (53.8)/6 (50.0) 

0.85 b  

 

11 (47.8)/1 (50.0) 

12 (52.2)/1 (50.0) 

1.00 c  

 

12 (50.0)/0 (0.0) 

12 (50.0)/1 (100) 

1.00 c  

 

12 (50.0)/0 (100) 

12 (50.0)/0 (100) 

1.00 c 

a P value by  Mann- Whitney U test, b P value by Chi-Square test, c P value by Fisher Exact test 
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towards significance for having an incident while using pesticide with an OR of 3.06 

(95%CI: 0.92, 10.18)>. 

 

Table 4.40: Predictors for average/poor general health among the farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression a 

Crude OR (95% CI) P 

value 

Adjusted OR (95% 

CI) b 

P 

value 

Sprayed less than 1 day per week 

Used one type of pesticide 

Used fungicide  

3.13 (1.44, 6.81) 

2.63 (1.27, 5.43) 

0.48 (0.22, 0.95) 

<0.01 

<0.01 

0.04  

5.22 (1.69, 17.22) 

1.65 (0.49, 4.53) 

0.92 (0.87, 1.09)  

<0.01 

0.38 

0.70 

a Forward and backward Multiple Logistic Regression model were applied and backward was used for 

final model, multicolinearity and interaction term were checked and not found, Hosmer-Lemeshow test 

(p=0.74) was applied to check the model fit 
b Adjusted with age- Adjusted OR= 1.08, 95% CI (1.01,1.18), BMI- Adjusted OR=0.32, 95% CI (0.11, 

0.90), educational level- Adjusted OR= 0.34, 95% CI (0.10, 1.24), age start working- Adjusted 

OR=0.92, 95% CI (0.80, 1.06), duration work as farmers- Adjusted OR=1.02, 95% CI (0.98, 1.06) and 

farm size- Adjusted OR=1.04, 95% CI (0.98, 1.13) 

 

Table 4.41:  Predictors for high blood pressure among the farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression a 

Crude OR (95% CI) P value Adjusted OR (95% 

CI)b 

P 

value 

Had incident while using 

pesticide 

Used herbicide  

2.59 (1.01, 6.70) 

 

3.74 (1.41, 9.91)  

0.04 

 

<0.01  

4.06 (1.21, 11.66) 

 

1.45 (0.45, 5.32)  

0.02 

 

0.38 
a Forward and backward Multiple Logistic Regression model were applied and backward was used for 

final model, multicolinearity and interaction term were checked and not found, Hosmer-Lemeshow test 

(p=0.77) was applied to check the model fit 
b Adjusted with age- Adjusted OR=1.08, 95% CI (1.02, 1.55) and duration work as farmers- Adjusted 

OR=0.99, 95% CI (0.96, 1.04) 

 

Table 4.42: Predictors for being bothered at all of Parkinsonism/neurology symptoms among the 

farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression a 

Crude OR (95% CI) P value Adjusted  

OR (95% CI) b 

P 

value 

Had re- entry into farming 

area 

Had incident while using 

pesticide 

Used herbicide  

Not used PPE 

      2.44 (1.02, 5.88) 

 

3.30 (1.37, 7.96) 

 

2.58 (1.01, 6.54) 

2.70 (1.11, 6.53) 

   0.04 

 

<0.01 

 

<0.05 

0.03 

    3.15 (0.91, 10.94) 

 

4.48 (1.46, 13.74) 

 

2.75 (0.81, 9.37) 

1.46 (0.42, 5.08) 

0.07 

 

0.01 

 

0.11 

0.55 
a Forward and backward Multiple Logistic Regression model were applied and backward was used for 

final model, multicolinearity and interaction term were checked and not found, Hosmer-Lemeshow test 

(p=0.15) was applied to check the model fit 
b Adjusted with age- Adjusted OR=1.06, 95% CI (1.01, 1.12), income- Adjusted OR=3.10, 95% CI 

(0.95, 10.07) and duration work as farmers- Adjusted OR=1.02, 95% CI (0.98, 1.07) 
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Table 4.43:  Predictors for being bothered at all of depression symptoms among the farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression a 

Crude OR (95% CI) P value Adjusted 

OR (95% CI) b 

P 

value 

Had incident while using 

pesticide 

3.69 (1.20, 11.33) 0.02 3.06 (0.92,10.18) 0.07 

a Forward and backward Multiple Logistic Regression model were applied and backward was used for 

final model, multicolinearity and interaction term were checked and not found, Hosmer-Lemeshow test 

(p=0.96) were applied to check the model fit 
b Adjusted with age- Adjusted OR=1.04, 95% CI (1.01, 1.08) and income- Adjusted OR=9.35, 95% CI 

(1.16, 75.23) 

 

 

4.2.7.5 Pesticide exposure and somatic symptoms among the farmers 

 

Table 4.44 shows the final model for predictors for being bothered at all by somatic 

symptoms among the farmers. There were no associations between pesticide exposure 

and somatic symptoms after adjusted for age and duration work as farmers.  

 

Table 4.44: Predictors for being bothered at all of somatic symptoms among the farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression a 

Crude OR (95% CI) P value Adjusted 

OR (95% CI) b 

P 

value 

Age 

Duration work as farmers 

1.03 (1.01, 1.05) 

1.03 (1.01, 1.05) 

0.02 

0.02 

1.00 (0.96, 1.03) 

1.04 (1.01, 1.07) 

0.40 

0.04 
a Forward and backward Multiple Logistic Regression model were applied and backward was used for 

final model, multicolinearity and interaction term were checked and not found, Hosmer-Lemeshow test 

(p=0.60) was applied to check the model fit 
b Adjusted with age- Adjusted OR=1.00, 95% CI (0.96, 1.03) and duration work as farmers- Adjusted 

OR=1.04, 95% CI (1.01, 1.07) 

 

 

4.2.7.6 Pesticide exposure and dementia symptoms among the farmers 

 

Table 4.45 shows the final model for predictors for bothered at all of dementia 

symptoms among the farmers. There were no associations between pesticide exposure 

and dementia symptoms after adjusted for age, age start working and duration work as 

farmers. 
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Table 4.45: Predictors for bothered at all of dementia symptoms among the farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression a 

Crude OR (95% CI) P value Adjusted 

OR (95% CI) b 

P value 

Age 

Age start working  

Duration work as farmers 

1.05 (1.01, 1.08) 

0.86 (0.74, 0.97) 

1.03 (1.01, 1.06) 

<0.01 

0.01 

0.01 

1.08 (1.01, 1.18) 

0.93 (0.78, 1.06) 

0.99 (0.95, 1.03) 

<0.01 

0.24 

0.57 
a Forward and backward Multiple Logistic Regression model were applied and backward was used for 

final model, multicolinearity and interaction term were checked and not found, Hosmer-Lemeshow test 

(p=0.71) was applied to check the model fit 
b Adjusted with age- Adjusted OR=1.08, 95% CI (1.01, 1.18), age start working- Adjusted OR= 0.93, 

95% CI (0.78, 1.06) and duration work as farmers- Adjusted OR=0.99, 95% CI (0.95, 1.03) 

 

4.3 DISCUSSION  

 

The main study was successfully conducted among 150 farmers which consist of 83 

rice farmers and 67 vegetable/fruit farmers in Bachok and Kota Bharu, Kelantan. The 

main study protocol which was discussed in Chapter 2 served as standard produced 

for conducting research work in the context of Malaysia and became a main source of 

reference throughout the journey. No violation of the protocol was reported by the 

research team and institutional review board.  

 

This chapter explored the working practises across two type of farming 

systems in Kelantan and assesses the exposure of pesticide through urine metabolites, 

pesticide exposure intensity scores by adapting the EFS and AHS algorithms and 

dermal assessment by using DREAM scores. In addition, it aimed to investigate the 

association between level of urine metabolites and demographic factors, working 

practices and exposure to pesticide.  

 

Pesticide exposure is an environmental threat especially among occupationally 

exposed populations. Hence, this remains major public health interest in the toxic 

effects of pesticide exposure particularly in terms of effects on hypertension and also 

somatic and neuropsychiatry symptoms. This present chapter also investigates the 

effects of pesticide exposure on general health, blood pressure and somatic and 

neuropsychiatry symptoms.  
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4.3.1 Principal findings 

 

This study found all of pesticide metabolites except DBVA were detected above level 

of detection in more than half of the farmers indicate the farmers exposed to it. The 

difference between pre- and post-spraying metabolites were clearly higher in farmers 

who used the pesticide and this was not observed among farmers who did not report 

using the pesticide. The farmers who use power sprayer/blower and exposed head and 

face had significantly higher level of urinary metabolites.  

 

         The rice farmers had significant higher scores using the EFS score and this did 

not observe on AHS score. DREAM scores indicated significantly higher dermal 

exposures were obtained during spraying compared to mixing and the scores were 

higher in rice farmers for spraying and vegetable/fruit farmers for mixing. However, 

overall DREAM scores for both activities showed no difference between type of 

farming.  

 

           Farmers who reported being bothered at all for high blood pressure, 

Parkinsonism/neurology and depression but not average/poor health status, somatic 

and dementia symptoms were more likely to have had an incident while handling 

pesticides. Famers who reported having average/poor health status were more likely to 

spraying one day or less per week.  

 

More than half of the farmers reported having very good or good general 

health status and the most common self-reported medical illness among the farmers 

was high blood pressure. Nearly half of the farmers were bothered at all of somatic 

symptoms and among neuropsychiatry symptoms, Parkinsonism/neuropathy 

symptoms were the most common symptom (18.0%) compared to dementia (16.0%) 

and depression (9.3%).  

 

4.3.2 Possible explanations for findings 

 

More than 50.0% of the farmers had detectable levels of six out of seven metabolites 

namely bifenthrin, cDCVA, DBVA, 3PBA, 356TCP, tDCVA and total DCVA. The 
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pre-spraying urine samples had detected levels of these metabolites in the majority of 

the farmers. The pre-spraying sample were collected at least seven days before the 

first day of spraying and hence, it is   less likely that the presence of metabolites in the 

pre-use sample was due to direct use of the pesticide. Possible reasons for the pre-

spraying sample having detectable levels of pesticide metabolites include non-

occupational exposure such as take home exposure on clothes, inhalation of pesticide 

beyond the spraying area, the residential area near the agricultural lands and also 

dietary contamination by pesticide (86). 

             

  A similar pattern was observed in the percentage of detectable levels for 

356TCP and 3PBA among farmers in Thailand, where the percentage was 76.5% and 

86.8%, respectively (175). Urine concentrations of most metabolites varied greatly 

among farmers and the most striking findings were among farmers who used 

pyrethroid, chlorpyrifos and cypermethrin, there were differences between pre- and 

post-spraying urine samples. However, this was not observed among farmers who did 

not used specific pesticides. Furthermore, the difference in pre- and post-spraying 

levels of cDCVA, 3PBA, 356TCP, tDCVA and total DCVA were observed between 

farmers who had used pyrethroid, chlorpyrifos and cypermethrin and who had not 

used the pesticide.  

 

An interesting observation is that the farmers who used power 

sprayers/blowers had higher levels of urinary metabolites. This finding is not 

surprising as power sprayers/blowers are high pressure devices which may expose 

farmers to higher levels of pesticides compared to backpacker sprayers (176). In 

addition, the farmers whose head or face was exposed had higher level of urinary 

metabolites. This is possible due low percentage used of PPE to cover head or face. 

Due to small samples size, the remaining variables did not show any statistically 

significant results.  

 

Accurate exposure assessment is important in order investigate the potential 

adverse health effects among occupationally exposed population (177). The results 

from this study provide a step forward in the estimation of pesticide exposure. There 

is currently no gold standard for assessing pesticide exposure. In the absence of a 
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direct comparison, more indirect measures were used to assess pesticide exposure 

such as PEIs. In this study those PEIS from the AHS and EFS were used. The AHS 

has been validated with urinary biomarker concentration in two other farming 

populations, the Pesticide Exposure Assessment Survey (PEAS) in Ontario, Canada 

and the Farm Family Exposure Study (FFES) in Minnesota and South Carolina. The 

AHS is based upon large scale farming in the USA.  Whereas the EHS PEI comes 

from low scale farming that is more comparable to the Malay experience but has not 

been validated. Hence, neither the EFS nor AHS PEI is ideal. This study found 

significant difference in EFS scores compared to AHS scores between farmers. The 

difference of EFS score was mainly driven by difference in amount of pesticide use 

among the farmers, which was included in EFS but not the AHS algorithm and also 

due to Malaysian farming system being likely more similar to that in Ethiopia 

compared to the USA. In addition, the exposure modifying factors are different in EFS 

and AHS algorithms.  

 

This study also focused on dermal exposure assessment to pesticides which is 

the predominant route of entry for occupational pesticide exposure and DREAM 

scores were used to assess dermal pesticide exposure. The DREAM scores resulting 

from this study showed that the dermal contamination is dependent on the task of 

farmers, being higher during pesticide spraying. However, typically the mixing and 

loading tasks were associated with greatest intensity of pesticide exposure compared 

to spraying (54).  

 

Another interesting finding was that during mixing, dermal contamination was 

higher among vegetable/fruit farmers compared to rice farmers and that during 

spraying dermal contamination was higher among rice farmers compared to 

vegetable/fruit farmers. These differences could be because the difference in spraying 

equipment, PPE used, and working practices during mixing and spraying and 

environmental conditions between type of farming. During mixing, the hands were 

more exposed compared to body especially among vegetable/fruit farmers. This could 

be because during mixing, the farmers used bare hands to hold cup and pour the 

pesticide to the sprayer. Hence, the exposure was high. However, during spraying, the 

body was more exposed compared to hands especially among rice farmers. It seems 
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that the explanation could be that during spraying, the body was exposed more to 

droplet of pesticides than hands.  

 

The DREAM scores for bodies during mixing and hands for spraying were 0 

and these scores were driven by the majority of the farmers being exposed 

occasionally and to small amounts (<10% of hands or body parts) of pesticide. This 

was also consistent with the recorded videos where the bodies and hands of many of 

the farmers were not exposed to pesticide during mixing and spraying, respectively. 

Based on three studies, none of them examined DREAM scores by individual 

components such as hands or other body parts and type of activities (124-126). In a 

study conducted by Udin et al, the results did not mention the type of activities and 

divided the result based on potential dermal and actual dermal exposure of body parts 

and type of farming (124). In another study conducted by Agostine et al, the results 

were divided based on potential and actual dermal exposure for hands and body parts 

(125). In a study conducted by Van Wendel de Joode et al, the results were divided 

based on potential and actual dermal exposure and type of farming (126). 

 

The majority of the farmers are considered fairly old or ageing. There is a 

trend in Malaysia where increasingly young people are leaving rural areas and 

migrating to the cities to get a job in the service or industrial sectors. Duration of 

working of farmers provides some information on the degree of exposure to pesticide. 

In this study, the median duration of working as a farmer was 20 years which indicates 

they are experienced farmers and also maybe they exposure to pesticides chronically. 

Nearly all of the farmers were farm owners and involved in all tasks e.g. dilution, 

mixing, preparation and application. This is customary in small agricultural practices 

and often the farm  belongs to their family where specialised work is less required 

(48,178). The median farm size among the farmers was considered  high compare to 

the national average which was 3.7 acres (179). There was a statistically significant 

difference between types of farm activity, where median farm size of rice farmers was 

eight acres compared to the two acres of vegetable/fruit farmers. This is almost similar 

to  the farm size of rice farmers in Laguna, The Philippine (7 acres) and Sindh, 

Pakistan (4 acres) (180). Because of the larger farm size, rice farmers spend more time 

doing spraying tasks either per day and week compared to vegetable/rice farmers.  
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The majority of the farmers used backpacker sprayers which are considered 

suitable and practical by small scale farmers who do not require large boom sprayers 

like large scale farmers. In addition, it is cost effective, easy to fill and comfortable to 

operate (181). The number of rice farmers who worked in field while someone else 

sprays and who were involved in incidents were higher compared to vegetable/fruit 

farmers. This is probably due to the large size of the rice farms which can result in 

more pesticide exposure and due to rice farmers sharing the same field with others 

which can increase the probability of having an incident.  

 

Half of the farmers stored pesticides in garages near their house because of the 

absence of a proper place to store pesticides on their fields. However, this storage 

technique is unsafe because of the risk of cross contamination. Best practice is to kept 

pesticides on the fields to prevent residential exposure. A small portion of the farmers 

stored pesticides in their own homes. This is a common practice in developing 

countries (182). This practice may result in their family being exposed and the 

containers may also be easily reached by small children. This will also potentially 

increase the risk of self-harm attempts and suicides among the farmers and their 

family members which include small children (183) .  

 

The majority of the farmers in this study population were exposed to two or 

more types of pesticides. In addition, the number and type of pesticides used among 

the farmers were broad. This is probably because of the broad range of crops 

cultivated by the farmers which required them to use different pesticides. This practice 

is also influenced by previous crop yields experienced by the farmers. Moreover, this 

can save on labour costs for them. Unfortunately, this practice will increase 

concentration of active ingredient of pesticide. Thereby, increasing the risk of health 

effects to pesticide among farm workers.  

 

This study found that farmers frequently used moderately or slightly hazardous 

pesticides belonging to the WHO Hazard Classification II. Figure 4.9 shows example 

of the WHO Hazard Classification II pesticide used by the farmers. This finding is not 

surprising  and is similar to another  study conducted in another part of Malaysia, 

Tanjung Karang (44) and also in Kuwait (184). This could be because the Malaysia 
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government has banned or restricted use of pesticide class I and the majority of the 

farmers used pesticides subsidised by the government. This finding is different from 

those reported by other  studies in other developing countries such  as Thailand (175) 

where the farmers used Class IB pesticides, Sri Lanka (185) where farmers used 50% 

class I and class II pesticides, and  Pakistan (186) and Mexico (187) where class IA 

and IIB pesticides still being used extensively. 

  

 
 

 

Figure 4.9: Example of pesticide (chlorpyrifos and cypermethrin- WHO  

Classification II) used by the farmers  

 

Insecticides were the highest share of total pesticides used among the farmers. 

Figure 4.10 shows the example of insecticide used by the farmers. The higher 

consumption of insecticides was probably due to the tropical climate which was warm 

and humid and provides favourable breeding environments for insects. This result is  

similar to that observed in  studies conducted in other parts of Malaysia (188), Turkey 

(189) and other developing countries like India (190), Vietnam (191) and Indonesia 

(192).  
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Figure 4.10: Example of insecticide used by the farmers  

 

As explained in chapter 1, the rate of dermal absorption differs depending 

upon the anatomical parts of the body. This study found that, hands, head and 

forearms were the most frequent body parts that were in contact with pesticides and 

which could be a potential site of exposure of pesticides. The findings were in 

alignment  with a study conducted among farmers in France (51,59,60).  It is likely 

because most of the farmers did not used protective clothes such as gloves, masks and 

long sleeve shirts to cover that body part (Figure 4.11). In addition, hands were more 

exposed because of the high possibility of leakage from the sprayer lance, handle or 

hose. This may lead to higher exposure to pesticide especially via dermal pathway.  

 

Many studies in developing countries such as in Indonesia and South Africa 

showed that farm workers have deficiencies in occupational personal hygiene (193–

195). Examples include careless handling during preparation and spraying, lack of 

PPE use, empty pesticide containers disposal, eating and drinking while working and 

lack of personal hygiene. Clothes that were worn during pesticide handling might 
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become contaminated and the body absorbs the pesticides and hence increased 

exposure. With regard to personal hygiene measures, the majority of the farmers 

reported cleaning clothes, washing hands or arms and showering right away after 

pesticide handling. This finding is similar to that reported in Nigeria, India and 

Malaysia where nearly all the farmers washed their hands and changes clothes right 

away after pesticide application (196–198). Several explanations are possible 

including the farmers’ farms being near to the house which makes it easier for the 

farmers to perform the task. This good behaviour is crucial to reduce risk of 

contamination to themselves and well as to family members. 

 

 
 

Figure 4.11: The farmer did not used gloves while mixing the pesticide 

 

The majority of the vegetable/fruit farmers washed their equipment after 

pesticide use. One explanation for this striking finding could be that to prevent cross-

contamination of pesticides especially among vegetable and fruit farmers where 

majority of them sprayed more than one crops with difference type of pesticides. 

Other possibilities are to prevent sprayer corrosion by pesticides and to prepare for the 

next job. Nearly all of the vegetable/fruit farmers repaired the equipment, possibly 

because nearly all the vegetable/fruit farmers used backpack sprayers which are easy 

to repair.  
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The use of PPE could reduce direct contact of the pesticide with the skin or via 

inhalation potentially reducing health problems among farmers. Although some of the 

farmers may be aware of the importance of using PPE, farmers were often not 

compliant possibly because the hot tropical climate made it difficult for farmers to 

breathe properly through mask. PPE also is not available due to poverty and its high 

cost or lack of training programs by the government (133,199,200). This will lead to 

lack of effective protection for farm workers against pesticide exposure during 

handling of pesticides. Many of the farmers did not used proper masks and they prefer 

to use scarf or normal shirts to cover their face, which is culturally a part of local attire 

to protect their head and face from sun exposure and is more comfortable (Figure 

4.12). Unfortunately, this is not an effective way to protect them when applying 

pesticide as it made of thin cotton and could be easily penetrated by deposited 

pesticides.  

 

 
 

 

Figure 4.12: The rice farmer used scarf to cover head and face 
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A few studies have observed pesticide exposure to be associated with increase 

blood pressure (201–204). Similarly, this study found that farmers who had incident 

while using pesticide had a higher chance of having self-reported high blood pressure. 

Although acute health effects to brain function have been well described, there has 

been more controversy on the chronic neurotoxic effects, especially of low-level 

pesticide exposure (154). This study also found that Parkinsonism was associated with 

pesticide exposure during incident such as leakage or spillage of pesticide. A 

systematic review and meta-analysis were conducted in 2012 by Van Maele-Fabry et 

al. to examine the association between occupational pesticide exposure and 

Parkinson’s disease (PD) (205). Twelve cohort studies were included in this review, 

with most of the studies examining exposure to pesticides in general. Eight studies 

assessed exposure by using surrogate markers of exposure and six studies used self-

reported exposure. There was evidence of increased risk of PD observed when all the 

studies were combined when the meta rate ratio was 1.28 (95% CI; 1.03, 1.59). In 

conclusion, the review suggesting that pesticide exposure increases the risk of PD.  

 

This study found that depression also associated with pesticide exposure 

during incident while handling pesticide. In a systematic review conducted by Freire 

et al. in 2013 to examine the association between pesticide exposure and depression 

(206). In this review, 11 studies, six were cross-sectional, three case-control and two 

ecological studies. All of the studies examined exposure to the mixing of pesticides. 

Seven studies assessed exposure by self-report or surrogate markers of exposure in 

three studies or by the use of blood AChE in one study. However, results were 

inconsistent when only five studies showed a significantly increased risk of depression 

following pesticide exposure with OR (95% CI) ranging from 2.08 (1.16, 3.72) to 5.95 

(2.56, 13.84). This systematic review suggests that pesticide exposure potentially may 

be associated with an increased risk of depression and hence results from this study 

are consistent with the systematic review.  

 

In this present study, dementia was not associated with pesticide exposure. In a 

systematic review and meta-analysis conducted by Yang et al. in 2016 to examine the 

association between occupational pesticide exposure and Alzheimer disease (AD) 

(207). In total, seven studies were included in this review and three were cohort and 



 

 

153 

four case-control studies. All of the studies examine exposure to mixing of pesticides 

and assessed exposure by using self-report. Meta-analysis showed that there was a 

positive association between pesticide exposure and AD (OR=1.34, 95 CI%=1.08, 

1.67). Overall, this was evidence of an increased risk of AD among occupationally 

exposed to pesticides.  

 

Prolonged hypertension will lead to cardiovascular diseases which causes a 

significant burden to Malaysia as it is the third leading cause of death accounting for 

7.8% of total deaths in 2018 (208). The prevalence of high blood pressure in this study 

was 14.7%. This is consider low compare to a national prevalence of  35.3% (209). 

The present study was the second study conducted in a similar setting in which the 

first study was conducted in 2010 ,where 30.8% of the farmers reported having 

hypertension (133). Having said that, the sample size in the previous study was low 

(n=39) and so results from it may not represent the exact prevalence.  

 

Thirteen of the farmers reported somatic health symptoms mainly related to 

muscle pain such as back, arm, legs or joint pain. One explanation of this is, probably 

due to perception because of heavy work carried out for a long time under high 

temperature. Having said that, stress factors associated with somatic symptoms cannot 

be ruled out. 

 

4.3.3 Strengths and weaknesses of the study  

 

This compressive analysis of exposure of pesticide has much strength. Firstly, this 

study used wide ranging questions for characterizing exposure to pesticide which 

included working practices and also conditions of hygiene during exposure. Secondly, 

the compliance with the study was excellent with all the farmers who agreed to 

participate completing this study. Thirdly, this study looked at a variety of farm types 

(rice vs. vegetable/fruit) in Malaysia, so that the exposure to pesticides among 

different types of farming could be estimated and investigated. Fourthly, this study 

looked extensively at the practice of pesticide use not only during pesticide handling 

but also before and after use. As a result, this will provide better understanding on 

practices in Malaysia, which is different than that in developed countries such as in 
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the UK and the USA. The population of this study was from small scale agricultural 

communities in which the majority of the farmers had completed more than 12 years 

of education. This generally shows that the literacy rate of participating farmers was 

acceptable. This also reflects a fairly educated community and the likelihood that they 

understand correct working practices are better. This study also used interview led 

questionnaires, so reducing the burden to the farmers in answering the questions and 

subsequently increasing the response rate. In addition, this will ensure the questions 

were answered correctly and avoided any missing data.  

 

               This study also combined pesticide exposure intensity algorithm scores, 

DREAM scores and biomonitoring during spraying, so as to provide a better 

understanding of pesticide exposure. The exposure algorithm allows the assessment of 

pesticide among farmers in a way which is simple, easily accessible and adapted and 

economical way especially in developing countries where the budget is limited. This 

study also adapted pesticide exposure intensity algorithms which were developed for 

large scale farming in a developed country and also small-scale farming in developing 

country. 

 

To my knowledge, there are no specific studies reporting urine metabolites as 

biomarkers of pesticide exposure in Malaysia. Analysis of urine metabolites could be 

a powerful tool for human biomonitoring. Urine samples have a number of advantages 

over blood samples as their collection is non-invasive and relatively easy and they can 

be obtained in large quantities. The urinary metabolites were analysed with the 

presence of an unexposed group. This can provide reference data on the level of 

urinary metabolites among unexposed populations which is still not available in 

Malaysia. This study also measured a number of metabolites and has enabled us to get 

a wider range of exposure information and having selective metabolites can help in 

better understanding exposure to specific pesticides.  

 

This current study has several limitations that warrant further discussion. Even 

though the farmers in this study population come from different types of farming, all 

of them were small scale farmers. Thereby, this limits comparability with large scale 

farmers who may have different working practices. The working practices data were 
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collected by means of questionnaire, thus incurring the possibility of self-reported bias 

due to an inability of the farmers to recall and give the correct answers. Despite these 

concerns, questionnaires are commonly used because they are feasible and 

inexpensive especially in resource poor nations with limited financial and logistical 

resources. Another concern is regarding the sampling method. This study used 

convenience sampling. Hence, the sample may not be representative of all farmers in 

Malaysia and this study may have limited generalisability because the study 

population were men from one state only. The question used to ask whether the 

farmers used PPE was very general via a single dichotomised question (yes or no). 

Thus, this study was unable to provide more accurate information on PPE use. In 

addition, the farmers from this study were exposed to wide range of pesticides which 

limited the sensitivity of the results. Analysis of determinants of urinary pesticide 

metabolites was limited due to small sample size and hence, the significance of the 

results is limited. Thus, regression could not be used to model potential confounding 

effects of variables. A single spot urine was used because it is more practical 

compared to multiple collections as the latter are more costly and more of a burden to 

the farmers and researchers. However, to achieve better accurate results 24 hours urine 

samples  are required (175,210,211).  

 

           Many of the studies carry out observation in order to complete the DREAM 

questionnaire but  none of the studies reported the duration of observation or  the time 

for videoing (62)(212)(213)(214). Due to practical reasons, the start of each activity 

was recorded for only 5 to 10 minutes. For pesticide mixing, this was sufficient as it 

covered the entire process which usually took not more than two minutes. Pesticide 

spraying often lasted greater than one hour and it was not possible to record for such a 

long time. However, the representativeness of the practices observed at the start of the 

activity may be an issue because the practice may become worse with increasing time 

and this may lead to measurement errors. Having said that, even though the duration 

of videoing was 5 to 10 minutes, bad practices such as spraying into the wind were 

observed. 

 

              The study population in this study were farmers who were exposed to 

pesticides. Based on the systematic literature review in Section 1.6.1 to examine the 
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association between acute ill health effects and pesticide exposure, the study 

population in 11 out of 16 studies were all exposed to pesticides and the remaining 

five studies included an unexposed group. Hence, it was decided to recruit farmers 

who were exposed to pesticides but the possibility of using an unexposed cohort was 

discussed when the study was designed. It was felt that it would be difficult to identify 

a group of individuals that were comparable to farmers except for not being exposed 

to pesticides ie the risk factor under study. So, in this study, there is no unexposed 

group because of difficulty to identify the population of similar demographics to the 

farmers. However, it was anticipated that within the population of farmers there would 

be differences in exposure and hence enable a comparison could be made between 

farmers with high and low exposure. The advantages of using only an exposed group 

were that it was easier and more practical to recruit participants with disadvantages 

including being susceptible to bias as there was no unexposed group. Another possible 

disadvantage is potential selection bias due to farmers being exposed to various 

exposure routes such as from take home exposure, bystander exposure or re-entry 

effect (215). 

 

             Another limitation is the diagnosis of blood pressure is based on self-report 

and not based on standardized methods to measure blood pressure. This will lead to 

misclassification bias where the farmers are misclassified with regard to high and 

normal blood pressure.  

 

4.3.4 Potential implications and future research  

 

The results from this study have potential implications for clinicians or policymakers 

and future research. Health care providers can play a role in raising awareness about 

the effects of pesticides. Hence, health care providers especially in primary care need 

to be aware of the occupational health risks related to pesticide exposure especially if 

they are serving populations at risk for pesticide exposure. When they have 

fundamental knowledge in this area, they can help the farmers by giving information 

about the risk of pesticide exposure and also how to manage effectively if the farmers 

experience an incident due to pesticide such as splash.  
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             Training and monitoring on safe pesticide use and handling could be another 

promising option and useful for reducing the risks from pesticides. Future studies need 

to include large scale farmers as well. By selecting different types of farming areas 

and including both large- and small-scale farmers, a better understanding of working 

practices and exposure to pesticides will be obtained. Even though this study focuses 

on occupationally exposure to pesticides exclusively in men, women and children of 

the farmer’s family are also at risk of pesticide exposure. Thus, future research should 

look at the take home exposure to the farmer’s family so as to provide a more 

comprehensive estimate of exposure to the farmer’s family. To reduce potential bias, a 

future study should consider using an unexposed or referent group that differs in the 

exposure of interest but is similar as possible with respect to other factors. 

 

            The findings from this study need further confirmation from future studies on 

the chronic effects of pesticide exposure, as the number of farmers who reported 

symptoms based on published definitions was low, and hence the results should be 

interpreted with caution. Measurement of blood pressure by using 

sphygmomanometer is a widely accepted technique of determine the blood pressure 

and provides a more reliable measurement than self-reported high blood pressure as 

was used in this study. Hence, future studies need to use this method in order to 

identify farmers who were previously diagnosed with high blood pressure but also 

those who are newly diagnosed with high blood pressure. 

 

4.4 CONCLUSION  

 

The present chapter provides comprehensive scientific evidence on exposure to 

pesticides. In conclusion, the farmers in study were exposed to pesticides as 

demonstrated by detectable urinary metabolites and increased levels of urinary 

metabolites were positively associated with use of power sprayers/blowers and also 

exposure to head and face. The DREAM scores showed higher dermal exposure 

during spraying compared to mixing. The result from this study provides a step 

forward in the estimation of pesticide exposure and this finding suggests a unique 

opportunity to highlight the need for development of public health interventions and 

implemented. 
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CHAPTER 5: KNOWLEDGE AND PRACTICE OF PESTICIDE USE 

AMONG FARMERS AND ASSOCIATED FACTOR FOR 

KNOWLEDGE, PRACTICE AND PPE USE 

 

 

5.1 INTRODUCTION 

 

Farmworkers are a high-risk group to be affected by pesticides because their job tasks 

involve using pesticides. Dermal exposure is the most important route of entry of 

pesticides especially among farm workers. The use of PPE has been shown to reduce 

the absorption of pesticides and significantly reduce the urinary herbicide level in 

pesticide users (46). Therefore, the proper use of PPE is considered an important 

factor associated with reduced pesticide exposure (48). Knowledge and practice of 

pesticide use is one of the cornerstones in reducing pesticide exposure (216). Thus, 

adequate knowledge is a powerful tool to promote more positive attitudes and safe 

working practices.  

 

There is little information available on PPE use and knowledge and practice of 

pesticide use in Malaysia, a multicultural nation with great ethnic diversity. Studies 

involving palm oil workers carried out in Sabah, Malaysia documented positive results 

with more than 70.0% of respondents having a good level of pesticide handling 

knowledge as well as good attitudes and practices (217). Another study conducted in a 

different state in Malaysia, Johor among palm oil workers showed that only 25.0% of 

the respondents had a good knowledge of pesticide use, the practice of 75.0% of the 

respondents was good (218).   

 

Thus, evaluating PPE use and knowledge and practice can help in designing 

appropriate interventions for the management and prevention strategies to reduce 

pesticide exposure. In addition, such results also provide baseline or reference 

information and data to evaluate the success of prevention strategies. In addition, such 

studies can help to identify existing gaps in good pesticide management practices and 

safety in the state and by extension the entire country. 
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5.1.1 Aims and objectives 

 

The overall aims of the work described in this chapter were to determine the 

knowledge and practice of pesticide use among the farmers and determinants of the 

knowledge and practice of pesticide use as well as PPE use.  

 

The specific objectives were to  

 

a) Assess knowledge and practice of pesticide use among the farmers 

b) Determine the associations between knowledge and practice of pesticide use 

and demographics, working practices during previous spraying sessions and 

pesticide use during the first day of current spraying week  

c) Determine the associations between PPE use and demographic, working 

practices during previous spraying sessions and pesticide use during the first 

day of current spraying week 

 

5.2 RESULTS 

 

The study population in this chapter was the same as that of Chapter 4 and consisted 

of 150 farmers. 

 

5.2.1 Level of knowledge and practice of pesticide use 

 

Figure 5.1 shows the distribution of knowledge scores of pesticide use. The 

calculation of knowledge score has been explained in Section 2.8 (Table 2.2).  The 

median and Q1-Q3 level of knowledge among farmers was 10.0 and 8.0-10.0, 

respectively.   

 

Figure 5.2 showed the distribution of practice score of pesticide use. The 

calculation of practice score has been explained in Section 2.8 (Table 2.2). The 

median and Q1-Q3 practice level score among farmers was 52.0 and 50.0-55.0, 

respectively.  
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Figure 5.1: Distribution of knowledge score of pesticide use 
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Figure 5.2: Distribution of practice score of pesticide use  

 

Figure 5.3 shows the correlation between knowledge and practice score of 

pesticide use. The correlation revealed a weak significant positive linear correlation 

between knowledge and practice score (p<0.01). 
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Figure 5.3 Scatter plot of knowledge and practice score 

 

5.2.1.1 Knowledge and practice scores of pesticide use by type of farming 

 

The category of knowledge score of pesticide use is shown in Table 5.1. Overall, 

53.3% of the farmers were categorised as having a good knowledge of pesticide use; 

59.0% of rice farmers had good knowledge compared to 46.3% of vegetable/fruit 

farmers (p=0.12).  

 

Table 5.1: Category of knowledge score of pesticide use  

 

Category of 

Knowledge score, n 

(%) 

Total 

(n=150) 

Type of farming 

Rice (n=83) Vegetable/Fruit(n=67) P value c 

Good a 

Poor b 

80 (53.3) 

70 (46.7) 

49 (59.0) 

34 (41.0) 

31 (46.3) 

36 (53.7) 

0.12 

a Knowledge score above median, b Knowledge score below median, c P value by Chi-Square test 

 

Of the 13 questions that assessed knowledge of pesticide use, two questions 

were answered differently by rice and vegetable/fruit farmers (Figure 5.4). More rice 

farmers knew about carbamate being a rat poison than vegetable/fruit farmers 

(p=0.02). Meanwhile, more vegetable/fruit farmers knew about the importance of 

wearing gloves during spraying than rice farmers (p=0.02).  
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Figure 5.4: Two questions that were answered differently by rice and vegetable/fruit farmers 

(A) Carbamate is a rat poison, and (B) Gloves are important to wear during spraying 

 

Category of practice score of pesticide use is shown in Table 5.2. Overall, 

42.7% of the farmers were categorised as having a good practice score with 53.7% of 

vegetable/fruit farmers having a good score compared with only 33.7% of rice farmers 

(p<0.01). 

 

Table 5.2: Category of practice score of pesticide use 

 

Category of 

Practice score  

Total 

(n=150) 

Type of farming 

Rice (n=83) Vegetable/Fruit (n=67) P value c 

Good, n (%) a 

Poor, n (%) b 

64 (42.7) 

86 (57.3) 

28 (33.7) 

55 (66.3) 

36 (53.7) 

31 (46.3) 

<0.01 

a Practice score above median, b Practice score below median, c P value by Chi-Square test 

 

Of the 16 questions that assessed practice of pesticide use, four questions were 

answered differently by rice and vegetable/fruit farmers (Figure 5.5). Before spraying, 

65.9% of the vegetable/fruit farmers never mixed pesticides with other materials 

compared to 28.9% of the rice farmers (p<0.01). During spraying, 49.4% of rice 

farmers never sprayed upwind compared to 28.4% of vegetable/fruit farmers (p=0.01). 

After the spraying, 65.1% of the rice farmers always stored pesticides in a cabinet 

compared to 29.9% of the vegetable/fruit farmers (p<0.01). Nearly all of the rice 

farmers washed hands and face immediately compared to 92.5% of vegetable/fruit 

farmers (p=0.03). 
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Figure 5.5: Four questions that were answered differently by rice and vegetable/fruit farmers 

(A) Mixed pesticides with other materials, (B) Spraying upwind, (C) Store pesticides in cabinets, 

and (D) Wash hands and face immediately 

 

 

5.2.1.2 Association between knowledge and practice scores of pesticide use and 

demographic factors  

 

Table 5.3 shows the association between knowledge and practice scores of pesticide 

use and demographic factors among the farmers. There were no association between 

knowledge and practice scores of pesticide use and demographic factors among the 

farmers. 

 

5.2.1.3 Associations between knowledge and practice scores of pesticide use and 

occupational histories and working practices during previous spraying 

sessions  

 

Table 5.4 describes the associations between knowledge and practice scores of 

pesticide use and occupational histories and working practices of the farmers during 

previous spraying sessions. The farmers who had good knowledge scores, sprayed for 
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shorter durations each day and per week than those who had poor knowledge scores 

(p<0.01 and p=0.03 respectively). The use of backpacker sprayers was higher among 

those farmers who had poor knowledge scores (p<0.01). The farmers who had good 

knowledge scores were more likely to use PPE than poor practice scores (P<0.01). 

The farmers who had poor knowledge scores were more likely to become bystander 

farmers and re-enter into sprayed field than those with good knowledge scores 

(p<0.01, respectively). 

 

The farm size of farmers who had a good practice score was lower than 

farmers with poor practice scores (p=0.03). The farmers who sprayed less than one 

day or less per week had good practice score compared to those who has poor practice 

score (p<0.01). The use of backpacker sprayers was higher among those farmers who 

had good practice scores compared with those had poor practice scores (p=0.02). The 

farmers who had poor practice scores were more likely to re-enter into sprayed field 

than good practice scores (p<0.05). The nature of incident while using pesticides 

among farmers who had poor practice scores was leakage whereas those farmers who 

had good practice scores the nature of the incident was either leakage or spillage 

(p=0.02). 

 

5.2.1.4 Associations between knowledge and practice scores of pesticide use and 

post work hygienic behaviour of farmers during previous spraying 

sessions  

 

Table 5.5 describes the associations between knowledge and practice scores of 

pesticide use and the washing and showering behaviour of the farmers. There was no 

association between washing and showering behaviour and knowledge and practice of 

pesticide use.  

 

Table 5.6 shows associations between repairing and cleaning equipment after 

spraying among the farmers and knowledge and practice scores of pesticide use. The 

farmers who had poor knowledge score repaired equipment more than farmers who 

had good knowledge scores (p<0.01). The farmers who had poor knowledge score 

always wash equipment (p<0.01) and more likely clean equipment at home (p<0.01) 

more than farmers who had poor knowledge score.  
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Table 5.3: Associations between demographic factors with knowledge and practice scores of pesticide use 

 

 

Variable 

Knowledge score Practice score 

Good (n=80) Poor (n=70) P value Good (n=64) Poor (n=86) P value 

Age, yrs 

      Mean SD 

      Min-Max 

 

47.5 15.9 

17-81 

 

47.6 15.9 

18-72 

0.87 a  

48.8  15.0 

18-75 

 

46.7  16.5 

17-81 

0.51 a 

BMI, n (%) 

     Under weight 

     Normal weight  

     Overweight 

     Obesity 

 

1 (1.3) 

53 (66.3) 

22 (27.4) 

4 (5.0) 

 

9 (12.9) 

43 (61.4) 

15 (21.4) 

3 (4.3) 

0.09 b  

6 (9.4) 

36 (56.3) 

18 (28.0) 

4 (6.3) 

 

4 (4.7) 

60 (69.8) 

19 (22.0) 

3 (3.5) 

0.31 b 

Marital status, n (%)  

     Single 

     Married/Widowed 

 

11 (13.8) 

69 (86.2) 

 

15 (21.4) 

55 (78.6) 

0.27 c  

9 (14.1) 

55 (86.9) 

 

17 (19.7) 

69 (80.3) 

0.73 c 

Educational level, n (%)  

     Never been to school 

     Primary education  

     Secondary education 

     Tertiary education 

 

5 (6.3) 

20 (25.0) 

47 (58.7) 

8 (10.0) 

 

5 (7.1) 

21 (30.0) 

40 (57.1) 

4 (5.8) 

0.74 c  

3 (4.7) 

15 (23.4) 

41 (64.1) 

5 (7.8) 

 

7 (8.1) 

26 (30.3) 

46 (53.5) 

7 (8.1) 

0.58 b 

Income per month, n (%)  

     Low income  

     Middle income  

 

40 (50.0) 

40 (50.0 

 

47 (67.1) 

23 (32.9) 

0.08 c  

33 (51.6) 

31 (48.4) 

 

54 (62.8) 

32 (37.2) 

0.18 c 

Smoking status, n (%)  

     Current/ex-smokers 

     Non-smokers  

 

60 (75.0) 

20 (25.0) 

 

45 (64.3) 

35 (35.7) 

0.15 c  

50 (78.1) 

14 (21.9) 

 

55 (64.0) 

31 (36.0) 

0.06 c 

a P value by Independent T test, b P value by Fisher Exact test, c P value by Chi Square test 
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Table 5.4: Associations between occupational histories with knowledge and practice scores of pesticide use 

 

Variable 

 

Knowledge score Practice score 

Good (n=80) Poor (n=70) P value Good (n=64) Poor (n=86) P value 

Age start working  

    Median (Q1-Q3) 

 

18.0 (14.0-20.0) 

 

18.0 (15.8-20.0) 

0.07 a  

18.0 (15.3-20.0) 

 

18.0 (15.0-20.0) 

0.77 a 

Duration work as farmers 

    Median (Q1-Q3) 

 

18 (6.3-37.8) 

 

20 (6.0-36.3) 

0.76 a  

20.0 (7.8-36.0) 

 

16.5 (6.0-3.7) 

0.53 a 

Farm size  

    Median (Q1-Q3) 

 

3.8 (2.0-10.0) 

 

4.0 (2.0-10.0) 

0.97 a  

3.0 (1.0-8.8) 

 

5.0 (2.0-13.5) 

0.03 a 

Farm owner, n (%) 

    Yes  

     No 

 

79 (98.8) 

1 (1.2) 

 

69 (98.6) 

1 (1.4) 

1.00 b  

64 (100) 

0 (0.0) 

 

84 (97.7) 

2 (2.3) 

0.51 b 

Task involved, n (%) 

     Diluting concentrate 

     Preparation 

 

78 (97.5) 

79 (98.8) 

 

69 (98.6) 

69 (98.6) 

 

0.64 b 

1.00 b 

 

62 (98.4) 

63 (100) 

 

85 (97.7) 

85 (97.7) 

 

1.00 b 

0.51 b 

Spraying per day 

     Median (Q1-Q3) 

 

1.0 (1.0-2.0) 

 

2.0 (1.0-2.3) 

<0.01 a  

2.0 (1.0-2.0) 

 

2.0 (1.0-2.0) 

0.36 a 

Days sprayed per week, n (%) 

     1 day or less  

     2-3 days 

     4-5 days  

     6-7 days 

 

16 (20.0) 

52 (65.0) 

10 (12.5) 

2 (2.5) 

 

22 (31.4) 

31 (44.3) 

9 (12.9) 

8 (11.4) 

0.03 b  

25 (39.1) 

27 (42.2) 

8 (12.5) 

4 (6.3) 

 

13 (15.1) 

56 (65.1) 

11 (12.8) 

6 (7.0) 

<0.01 b 

Mixing pesticide, n (%) 

     <50% of time 

     >50% of time 

 

0 (0.0) 

80 (100) 

 

5 (7.1) 

65 (92.9) 

0.60 b  

1 (1.6) 

63 (98.4) 

 

4 (4.7) 

82 (95.3) 

0.39 b 

Application method, n (%) 

     Backpack sprayer 

     Power sprayer 

 

50 (62.5) 

7 (8.8) 

 

56 (80.0) 

13 (18.6) 

<0.01 b  

49 (76.6) 

11 (17.2) 

 

57 (66.3) 

9 (10.5) 

0.02 b 
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     Blower 23 (28.7) 1 (1.4) 4 (6.3) 20 (23.3) 

PPE use, n (%) 

    Yes 

     No 

 

72 (90.0) 

8 (10.0) 

 

42 (60.0) 

28 (40.0) 

<0.01 c  

51 (79.7) 

13 (20.3) 

 

63 (73.3) 

23 (26.7) 

0.36 c 

Bystander farmers, n (%) 

    Yes 

     No 

 

8 (10.0) 

72 (90.0) 

 

24 (34.3) 

46 (65.7) 

<0.01 c  

13 (20.3) 

51 (79.7) 

 

19 (22.1) 

67 (77.9) 

0.79 c 

Re-entry into sprayed field, n (%) 

    Yes 

     No 

 

11 (13.8) 

69 (86.3) 

 

27 (38.6) 

43 (61.4) 

<0.01 c  

11 (17.2) 

53 (82.8) 

 

27 (31.4) 

59 (68.6) 

<0.05 c 

Incident while using pesticide, n (%) 

    Yes 

     No 

 

19 (23.8) 

61 (76.2) 

 

17 (24.3) 

53 (75.7) 

0.94 c  

11 (17.2) 

53 (82.8) 

 

25 (29.1) 

61 (70.9) 

0.09 c 

Nature of incident, n (%); n (36) 

     Leakage 

     Spillage  

 

16 (84.2) 

3 (15.8) 

 

10 (58.8) 

7 (41.2) 

0.14 b  

15 (60.0) 

10 (40.0) 

 

11 (100) 

0 (0.0) 

0.02 b 

a P value by Mann-Whitney U test, b P value by Fisher Exact test, c P value by Chi Square test 
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The majority of farmers who had good practice score repaired sprayed 

equipment more than farmers who had poor practice score (p<0.01). The farmers who 

had poor practice score were more likely to sometimes (p=0.01) wash the equipment 

after pesticide use (p=0.02) compared to farmers who had good practice score. 

 

5.2.1.5 Associations between knowledge and practice scores of pesticide use and 

pesticide use in first 24 hours of current spraying week  

 

Table 5.7 describes the associations between knowledge and practice scores of 

pesticide use and pesticide use of the farmers in first 24 hours of current spraying 

week. The majority of farmers who had good practice score use a single type of 

pesticide (p<0.01) and also did not use fungicides (p<0.01) compared with farmers 

who had poor practice score. There were no significant associations between 

knowledge of pesticide use and pesticide use. 

 

5.2.1.6 Associations between knowledge and practice scores of pesticide use and 

AHS and EFS pesticide exposure intensity scores and DREAM scores 

 

Table 5.8 describes the associations between knowledge and practice scores of 

pesticide use and AHS and EFS pesticide exposure intensity scores and DREAM 

scores. The farmers who had poor practice score had higher EFS median scores 

compared to those who had a good score (p=0.06).  

 

5.2.1.7 Logistic regression analysis of knowledge and practice scores of pesticide 

use 

 

Table 5.9 shows the predictors of poor knowledge score of pesticide use among the 

farmers. In a multiple logistic regression model, adjusting for age, the OR (95% CI) 

for poor knowledge was 5.18 (1.45, 18.50) for not using PPE, 7.68 (1.86, 31.68) for 

those with were bystander farmers and 1.79 (1.23, 2.52) for repaired equipment after 

pesticide use. 

 

Table 5.10 shows the predictors of poor practice of pesticide use among the 

farmers. Binary logistic regression analyses adjusting for age and farm size showed 

that farmers who re-entered into a sprayed field and had wash equipment had 63.0% 

(OR=0.37; 95%CI: 0.15, 0.95) and 64.0% lower (OR=0.34; 95%CI: 0.14, 0.91) risk of 
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poor practice score of pesticide use, respectively. The farmers who had sprayed 1 day 

or less also showed 76.0% lower (OR=0.24; 95%CI: 0.09, 0.60) of having poor 

practice score. 

 

5.2.2 Associations between PPE use and demographic factors, working 

practices and pesticide use  

  

In the previous chapter, the percentage of PPE use among farmers has been discussed. 

In summary, 76.0% of the farmers used PPE and there was no difference in the 

proportion of rice or vegetable/fruit farmers using PPE (Section 4.2.1.5). In this 

section, associations between PPE use and demographic factors, working practices 

and pesticide use will be discussed. 

 

5.2.2.1 Associations between PPE use and demographic factors  

 

Table 5.11 shows the associations between PPE use and demographic factors among 

the farmers. The farmers who did not use PPE were underweight compared to those 

who used PPE (p=0.01).10.5% of the farmers who used PPE completed tertiary 

education compared to none of the farmers who reported not using PPE (p=0.02).   

 

5.2.2.2 Associations between PPE use and occupational histories and working 

practices during previous spraying sessions  

 

Table 5.12 shows the associations between PPE use and occupational histories and 

working practices of the farmers during previous spraying sessions. Farmers who did 

not use PPE tended to spray for longer than those farmers who used PPE (p=0.01). 

Farmers who used backpack sprayers tended not to wear any PPE (p=0.02). Among 

farmers who had bystander exposure (p=0.04) and also re-entered sprayed areas, the 

majority of them did not wore PPE (p<0.01). 

 

5.2.2.3 Associations between PPE use and post-spraying hygienic behaviour of 

farmers during previous spraying sessions  

 

Table 5.13 shows the associations between PPE use and washing and showering 

behaviour of farmers. None of farmers who used PPE changed into clean clothes the 
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Table 5.5: Associations between the washing and showering behaviour with knowledge and practice scores of pesticide use 

 

 

Variable 

Knowledge score Practice score 

Good (n=80) Poor (n=70) P value a Good (n=64) Poor (n=86) P value a 

Change into clean clothes, n (%) 

     Right away 

     Later at the end of the day  

     Next day or later in the week 

 

     79 (98.8) 

1 (1.2) 

0 (0.0) 

 

67 (95.7) 

1 (1.4) 

2 (2.9) 

0.32  

62 (96.9) 

2 (3.1) 

0 (0.0) 

 

84 (97.7) 

0 (0.0) 

2 (2.3) 

0.15 

Shower after spraying pesticide, n (%) 

     Right away 

     Later at the end of the day 

 

80 (100) 

0 (0.0) 

 

66 (94.3) 

4 (5.7) 

0.08  

63 (98.4) 

1 (1.6) 

 

83 (96.5) 

3 (3.5) 

0.64 

Wash hand/arm after spraying pesticide, n (%) 

     Right away 

     Later at the end of the day 

 

80 (100) 

0 (0.0) 

 

69 (98.6) 

1 (1.4) 

0.47  

64 (100) 

0 (0.0) 

 

85 (98.9) 

1 (1.2) 

1.00 

a P value by Fisher Exact test 
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Table 5.6: Associations between repaired and cleaning equipment after spraying with knowledge and practice scores of pesticide use 

 

 

Variable 

Knowledge score Practice score 

Good (n=80) Poor (n=70) P value Good (n=64) Poor (n=86) P value 

Repair spraying or mixing equipment, n (%) 

     Yes 

     No 

 

41 (51.2) 

39 (49.8) 

 

59 (84.3) 

11 (15.7) 

<0.01 a  

55 (85.9) 

9 (14.1) 

 

45 (52.3) 

41 (47.7) 

<0.01 a 

Wash equipment after pesticide use, n (%) 

     Yes  

     No 

 

68 (85.0) 

12 (15.0) 

 

51 (72.9) 

19 (27.1) 

0.08 b  

45 (70.3) 

19 (29.7) 

 

74 (86.0) 

12 (14.0) 

0.02 a 

Frequency clean spraying equipment (n=119), n (%) 

     Always 

     Most of the times 

     Half of the times 

     Sometimes 

 

9 (13.3) 

7 (10.3) 

2 (2.9) 

50 (73.5) 

 

19 (37.3) 

12 (23.5) 

3 (5.9) 

17 (33.3) 

<0.01 b  

16 (35.6) 

10 (22.2) 

2 (4.4) 

17 (37.8) 

 

12 (16.2) 

9 (12.2) 

3 (4.1) 

50 (67.6) 

0.01 b 

Place clean spraying equipment (n=119), n (%) 

     Farm  

     Home 

 

58 (85.3) 

10 (14.7) 

 

31 (60.8) 

20 (39.2) 

<0.01 a  

33 (73.3) 

12 (26.7) 

 

56 (75.7) 

18 (24.3) 

0.83 a 

Activity when clean spraying equipment (n=119), n (%) 

     Hose down the sprayer 

     Clean nozzle 

     Rinse tank 

 

0 (0.0) 

0 (0.0) 

68 (100) 

 

3 (5.9) 

3 (5.9) 

45 (88.2) 

0.08 b  

2 (4.4) 

0 (0.0) 

43 (95.6) 

 

1 (1.4) 

3 (4.1) 

70 (94.6) 

0.24 b 

Material used to clean the equipment (n=119), n (%) 

     Sand only 

     Water only 

     Water and soap 

     Cleaning agent 

 

0 (0.0) 

60 (88.2) 

8 (11.8) 

0 (0.0) 

 

1(2.0) 

37 (72.5) 

12 (23.5) 

1 (2.0) 

0.41 b  

1 (2.2) 

35 (77.8) 

8 (17.8) 

1 (2.2) 

 

0 (0.0) 

67 (90.5) 

7 (9.5) 

0 (0.0) 

0.15 b 

a P value by Chi-Square test, b P value by Fisher Exact test 
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Table 5.7 Association between pesticide used in first 24 hours of current spraying week with knowledge and practice scores of pesticide use 

 

 

Variable 

Knowledge score Practice score 

Good (n=80) Poor (n=70) P 

value a 

Good (n=64) Poor (n=86) P 

value a 

Number of pesticide(s),  

n (%) 

     Single pesticide 

     More than one 

 

 

28 (35.0) 

52 (65.0) 

 

 

34 (48.6) 

36 (51.4) 

0.09  

 

37 (57.8) 

27 (42.2) 

 

 

25 (29.1) 

61 (70.9) 

<0.01 

Type of pesticide,  

n (%) 

     Insecticide 

     Herbicide 

     Fungicide 

 

 

63 (78.8) 

19 (23.8) 

32 (40.0) 

 

 

58 (82.9) 

10 (14.3) 

21 (30.0) 

 

 

0.53 

0.14 

0.20 

 

 

49 (76.6) 

17 (26.6) 

14 (21.9) 

 

 

72 (83.7) 

12 (14.0) 

39 (45.3) 

 

 

0.27 

0.05 

<0.01 
a P value by Chi-Square test 

 

 

 

 

 

Table 5.8: Associations between knowledge and practice scores of pesticide use and pesticide exposure algorithm and DREAM score 

 

Variable Knowledge score Practice score 

Good (n=80) Poor (n=70) P value a Good (n=64) Poor (n=86) P value a 

EFS score 

    Median (Q1-Q3) 

 

151.1 (101.1-220.8) 

 

151.1 (108.9-251.9) 

0.50  

137.9 (69.9-245.4) 

 

163.3 (108.9-233.0) 

0.06 

AHS score 

    Median (Q1-Q3) 

 

2.4 (2.3-2.5) 

 

2.4 (2.4-2.9) 

0.24  

2.4 (2.4-2.4) 

 

2.4 (2.3-2.5) 

0.90 

DREAM scores, 

    Median (Q1-Q3) 

 

84.9 (41.3-125.4) 

 

63.0 (38.4-121.1) 

0.40  

63.2 (40.4-128.9) 

 

87.8 (39.2-115.5) 

0.49 

a P value by Mann-Whitney U test 
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next day compared to 5.6% of farmers who did not use PPE (p=0.03). All of the 

farmers who used PPE showered right away after spraying pesticides compared to 

88.9% of farmers who not used PPE (p<0.01). 

 

Table 5.9: Predictors for poor knowledge score of pesticide use among the farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression 
a 

Crude OR 

(95% CI) 

P 

value 

Adjusted OR 

(95% CI) b 

P 

value 

Longer duration of spraying 

Had sprayed 1 day or less 

Used power sprayer/blower 

Not used PPE 

Bystander farmers 

Had re-entry into sprayed field 

Repaired equipment after pesticide use 

Always/most of the time clean spraying 

equipment 

Clean equipment in the farm  

2.32 (1.47, 3.65) 

0.23 (0.15, 1.16) 

0.42 (0.20, 0.87) 

6.00 (2.51, 14.37) 

4.70 (1.95, 11.34) 

2.25 (1.32, 3.76) 

1.80 (1.15, 2.75) 

5.04 (2.28, 11.14) 

 

0.34 (0.17, 0.67) 

<0.01 

0.11 

0.02 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

 

<0.01 

1.99 (1.00, 3.96) 

0.28 (0.10, 1.97) 

0.93 (0.21, 4.06) 

5.18(1.45, 18.50) 

7.68 (1.86,31.68) 

1.65 (0.46, 5.93) 

1.79 (1.23, 2.52) 

1.58 (0.52, 4.86) 

 

0.36 (0.12, 1.05) 

0.05 

0.32 

0.92 

0.01 

<0.01 

0.44 

<0.01 

0.42 

 

0.06 
a Forward and backward Multiple Logistic Regression model were applied and backward 

was used for final model, multicolinearity and interaction term were   checked and not 

found, Hosmer-Lemeshow test (p=0.25) was applied to check the model fit 
b Adjusted with age - Adjusted OR=1.02 (95% CI=0.98, 1.05) 

 

 

 

Table 5.10: Predictors for poor practice score of pesticide use among the farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression a 

Crude OR 

(95% CI) 

P value Adjusted OR 

(95% CI) b 

P 

value 

Use power sprayer/blower 

Rice farmers  

Had sprayed 1 day or less 

Had re-entry into sprayed 

field 

Had repaired equipment 

Had wash equipment after 

pesticide use 

Had used more than one 

pesticide 

Had used fungicide 

1.22 (0.59, 2.50) 

2.15 (1.11, 4.16) 

0.23 (0.10, 0.50) 

0.37 (0.21, 0.80) 

 

2.61 (1.19, 5.13) 

0.26 (0.11, 0.60) 

 

1.57 (0.90, 3.39) 

 

1.03 (1.01, 1.12) 

0.59 

0.02 

0.01 

0.01 

 

0.02 

0.01 

 

0.10 

 

0.03 

0.55 (0.20, 1.52) 

0.69 (0.22, 2.20) 

0.24 (0.09, 0.60) 

0.37 (0.15, 0.95) 

 

2.22 (0.77, 6.38) 

0.36 (0.14, 0.91) 

 

1.05 (0.45, 2.49) 

 

1.01 (0.95, 1.16) 

0.25 

0.54 

0.01 

0.04 

 

0.14 

0.03 

 

0.91 

 

0.27 
a Forward and backward Multiple Logistic Regression model were applied and backward was used for 

final model, multicolinearity and interaction term were checked and not found, Hosmer-Lemeshow test 

(p=0.86) was applied to check the model fit 
b Adjusted with age- Adjusted OR=0.99 (95% CI=0.98, 1.02) and farm size- Adjusted OR=1.03 (95% 

CI=0.96, 1.10) 
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Table 5.11: Association between PPE use and demographic factors 

 

 

Variable 

PPE use 

Yes 

(n=114) 

No 

(n=36) 

P value 

Age, yrs 

     Mean SD 

     Min-Max 

 

48.1 15.4 

17-81 

 

46 17.2 

18-77 

0.52 a 

BMI, n (%) 

     Under weight 

     Normal weight  

     Overweight 

     Obesity  

 

4 (3.5) 

71 (62.3) 

33 (28.9) 

6 (5.3) 

 

6 (16.7) 

25 (69.4) 

4 (11.1) 

1 (2.8) 

0.01 b 

Marital status, n (%) 

     Single 

     Married 

     Widowed/Divorced 

 

16 (14.0) 

95 (83.3) 

3 (2.7) 

 

10 (27.8) 

26 (72.2) 

0 (0.0) 

0.23 b 

Educational level, n (%) 

     Never been to school 

     Primary education  

     Secondary education 

     Tertiary education  

 

9 (7.9) 

25 (21.9) 

68 (59.6) 

12 (10.6) 

 

1 (2.8) 

16 (44.4) 

19 (52.8) 

0 (0.0) 

0.02 b 

Income per month, n (%) 

     Low income  

     Middle income  

 

63 (55.2) 

51 (44.8) 

 

24 (66.7) 

12 (33.3) 

0.49 b 

Smoking status, n (%) 

     Current/ex-smokers 

     Non smokers  

 

81 (71.1) 

33 (28.9) 

 

24 (66.7) 

12 (33.3) 

0.62 c 

a P value by Independent T-test, a P value by Fisher Exact test, c P value by Chi Square test 

 

 

Table 5.12 Associations between PPE use and occupational histories and working practices during 

previous spraying sessions 

 
Variable PPE use 

Yes (n=114) No (n=36) P value 

Age start working, yrs 

     Median (Q1-Q3) 

 

18 (15.0-20.0) 

 

17 (15.0-20.0) 

0.52 a 

Duration work as farmers, yrs 

     Median (Q1-Q3) 

 

20 (6.0-37.0) 

 

10 (6.5-10.0) 

0.18 a 

Farm size, acre 

      Median (Q1-Q3) 

 

4.0 (2.0-4.0) 

 

4.0 (2.0-4.0) 

0.56 a 

Farm owner, n (%) 

      Yes  

      No 

 

112 (98.2) 

2 (1.8) 

 

36 (100) 

0 (0.0) 

1.00 b 

Task involved, n (%) 

     Diluting concentrate 

     Preparation 

     Spraying  

 

112 (98.2) 

113 (99.1) 

114 (100) 

 

35 (97.2) 

35 (97.2) 

36 (100) 

 

0.56 b 

0.42 b 

Spraying per day, hour 

     Median (Q1-Q3) 

 

1.8 (1.0-2.0) 

 

2.0 (1.0-2.8) 

0.01 a 

Days sprayed per week, n (%) 

     1 day or less  

     2-3 days 

 

31 (27.2) 

21 (58.3) 

 

7 (19.4) 

29 (43.3) 

0.70 b 
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     4-5 days  

     6-7 days  

13 (11.4) 

8 (7.0) 

6 (16.7) 

2 (5.6) 

Mixing pesticide, n (%) 

     <50% of time 

     >50% of time  

 

2 (1.8) 

112 (98.2) 

 

3 (8.3) 

33 (91.7) 

0.09 b 

Application methods, n (%) 

     Backpack sprayer 

     Power sprayer 

     Blower  

 

74 (64.9) 

17 (14.9) 

23 (20.2) 

 

32 (88.9) 

3 (8.3) 

1 (2.8) 

0.02 b 

Bystander farmers, n (%) 

     Yes 

     No 

 

20 (17.5) 

94 (82.5) 

 

12 (33.3) 

24 (66.7) 

0.04 c 

Re-enter into pesticide sprayed field, n (%) 

     Yes 

     No 

 

20 (17.5) 

94 (82.5) 

 

18 (50.0) 

18 (50.0) 

<0.01 c 

Incident while using pesticide, n (%) 

     Yes 

      No 

 

26 (22.8) 

88 (77.2) 

 

10 (27.8) 

26 (72.2) 

0.54 c 

Nature of incident (n=36), n (%) 

     Leakage 

     Spillage 

 

19 (73.1) 

7 (26.9) 

 

7 (70.0) 

3 (30.0) 

1.00 b 

a P value by Mann- Whitney U test, b P value by Fisher Exact test, c P value by Chi-Square test 

 

 

Table 5.13: Associations between PPE use and washing and showering behaviour of farmers 

 

Variable PPE use 

Yes (n=114) No (n=36) P value a 

Change into clean clothes, n (%) 

     Right away 

     Later at the end of the day  

     Next day or later in the week 

 

113 (99.1) 

1 (0.9) 

0 (0.0) 

 

33 (91.7) 

1 (2.8) 

2 (5.5) 

0.03 

Shower after spraying pesticide, n (%) 

     Right away 

     Later at the end of the day  

 

114 (100) 

0 (0.0) 

 

32 (88.9) 

4 (11.1) 

<0.01 

Wash hands/arms after spraying pesticide, n (%) 

     Right away 

     Later at the end of the day 

 

114 (100) 

0 (0.0) 

 

35 (97.2) 

1 (2.8) 

0.24 

a P value by Fisher Exact test 

 

Table 5.14 shows the association between PPE use and repairing and cleaning 

equipment after spraying among the farmers. 33.3% farmers who did not use PPE 

always cleaned spraying equipment compared to only 20.2% farmers who used PPE 

(p<0.01). 

 

5.2.2.4 Associations between PPE use and body contacts with pesticide during 

previous spraying sessions  

 

Table 5.15 shows the associations between PPE use and body contacts with pesticide 

during previous spraying sessions. There was no significant association between PPE 

use and which part of the body was in contact with pesticides.  
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Table 5.14: Associations between PPE use and repairing and cleaning equipment after spraying among 

the farmers  

 

Variable PPE use 

Yes (n=114) No (n=36) P value 

Repair spraying or mixing equipment, n (%) 

     Yes 

     No 

 

74 (64.9) 

40 (35.1) 

 

26 (72.2) 

10 (27.8) 

0.42 a 

Clean equipment after pesticide use, n (%) 

     Yes 

     No 

 

89 (78.1) 

25 (21.9) 

 

30 (83.3) 

6 (16.7) 

0.50 a 

Frequency clean spraying equipment (n=119), n (%) 

     Always 

     Most of the times 

     Half of the times 

     Sometimes  

 

18 (20.3) 

10 (11.2) 

0 (0.0) 

61 (68.5) 

 

10 (33.3) 

9 (30.0) 

5 (16.7) 

16 (20.0) 

< 0.01 b 

Place clean spraying equipment (n=119), n (%) 

     Farm 

     Home 

 

68 (76.4) 

21 (23.6) 

 

21 (70.0) 

9 (30.0) 

0.49 a 

Activity when clean spraying equipment (n=119), n (%) 

     Hose down the sprayer 

     Clean nozzle 

     Rinse tank  

 

1 (1.1) 

2 (2.1) 

86 (96.6) 

 

2 (6.7) 

1 (3.3) 

27 (90.0) 

0.23 b 

Material used to clean the equipment (n=119), n (%)  

     Sand only 

     Water only 

     Water and soap 

     Cleaning agent 

 

1 (1.1) 

79 (88.8) 

9 (10.1) 

0 (0.0) 

 

0 (0.0) 

23 (76.7) 

6 (20.0) 

1 (3.3) 

0.14 b 

a P value by Chi-Square test, b P value by Fisher Exact test 

 

 

 

Table 5.15 Associations between PPE use and body contacts with pesticide during previous spraying 

sessions 

 

 

Variable 

PPE use 

Yes (n=114) No (n=36) P value 

Part of body in contact with pesticide, n (%) 

   Head 

   Upper arms 

   Fore arms 

   Hands 

   Front of torso 

   Back of torso 

   Upper legs 

   Lower legs 

   Feet 

 

41 (36.0) 

1 (0.9) 

25 (21.9) 

90 (78.9) 

9 (7.9) 

22 (19.3) 

9 (7.9) 

32 (28.1) 

41 (36.0) 

 

9 (25.0) 

0 (0.0) 

12 (33.3) 

27 (75.0) 

2 (5.6) 

4 (11.1) 

1 (2.8) 

7 (19.4) 

13 (36.1) 

 

0.23 a 

1.00 b 

0.17 a 

0.62 a 

1.00 b 

0.32 b 

0.45 b 

0.30 a 

0.99 a 

a P value by Chi-Square test, b P value by Fisher Exact test 
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5.2.2.5 Associations between PPE use and pesticides used on first 24 hours of 

current spraying week  

 

Table 5.16 shows the association between PPE use and pesticide use of the farmers 

during the first 24 hours of current spraying week. There were no significant 

associations between PPE use and pesticide usage among the farmers.  

 

Table 5.16: Associations between PPE use and pesticide use on first day of current spraying week  

 

 

Variable 

PPE use 

Yes (n=114) No (n=36) P value a 

Number of pesticide(s), n (%) 

     Single pesticide  

     More than one 

 

47 (41.2) 

67 (58.8) 

 

15 (41.7) 

21 (58.3) 

0.96 

Type of pesticide, n (%) 

    Insecticide  

    Herbicide  

    Fungicide  

 

92 (80.7) 

24 (21.1) 

42 (36.8) 

 

29 (80.6) 

5 (13.9) 

11 (30.6) 

 

0.99 

0.34 

0.49 
a P value by Chi-Square test 

 

5.2.2.6 Logistic regression analysis of determinants for PPE use 

 

Table 5.17 show the predictors of PPE use among the farmers. Binary logistic 

regression adjusted analyses included the following potential confounders: age, BMI, 

and education level. Farmers who used power sprayer/blower had nearly a 4 fold 

increase (OR=3.77; 95% CI: 1.11, 12.74) of using PPE. Though, farmers who had re-

enter into the field being sprayed had a 64.0% reduction (OR=0.36; 95% CI: 0.14, 

0.92) of using PPE.  

 

Table 5.17: Predictors for PPE use among the farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression a 

Crude OR 

(95% CI) 

P 

value 

Adjusted 

OR (95% CI) b 

P 

value 

Duration of spraying in hour/day 

Used of power sprayer/blower 

Being a bystander during exposure 

Had re-enter into field being 

sprayed  

0.63 (0.41, 0.97) 

4.32 (1.43, 13.10) 

0.60 (0.38, 0.95) 

0.21 (0.09, 0.48) 

0.03 

0.01 

0.03 

<0.01 

0.79 (0.46, 1.34) 

3.77 (1.11, 12.74) 

1.74 (0.61, 4.59) 

0.36 (0.14, 0.92) 

0.38 

0.03 

0.26 

0.03 

a Forward LR Multiple Logistic Regression model was applied, multicolinearity and interaction term 

were checked and not found, Hosmer-Lemeshow test (p=0.21) was applied to check the model fit 
b Adjusted with age -Adjusted OR=1.01, (95% CI=0.98, 1.03), BMI -Adjusted OR=0.39 (95% CI=0.13, 

1.15) and education level - Adjusted OR=0.56 (95% CI=0.24, 1.30) 
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5.3 DISCUSSION 

 

In this study, the knowledge and practice of pesticide use among 150 farmers in two 

areas in Kelantan state were assessed. There is a scarcity of information about 

knowledge and practice of pesticide use as well as the lack of scientific data on PPE 

use among this population in Malaysia. Hence, the results from this chapter provide 

insight and highlights gaps regarding the knowledge and practice of pesticide use 

among the farmers and its associated factors. Besides, the determinants of PPE use 

also have been discussed. 

 

5.3.1 Statement of principal findings  

 

The vegetable/fruit farmers had a higher practice score of pesticide use compared to 

rice farmers (p<0.01). However, this did not observe for knowledge score of pesticide 

use. A poor knowledge score of pesticide use was associated with not using PPE, 

repairing equipment after pesticide use and being a bystander farmer. In addition, a 

poor practice score of pesticide use was associated with duration of spraying more 

than one day, did not re-entry into a sprayed field and did not wash equipment. PPE 

use was associated with increase used of power sprayer/blower and did not re-enter 

into field being sprayed.   

 

5.3.2 Possible explanation of findings 

 

A few studies have examined the association between knowledge and practice of 

pesticide use and associated factors (140,197,217,219,220) Table 5.18 shows the 

association between knowledge and practice of pesticide use and associated factors in 

previous studies. Many previous studies showed that knowledge of pesticide use was 

associated with age, education level, farm size, farmer’s experience and training and 

pesticide used (140,217,219,220). However, these associations were not observed in 

this study. This study showed that repairing equipment after pesticide use, being a 

bystander farmer and not use of PPE was associated with poor knowledge. This is 

similar to results from previous studies conducted in Palestine and Malaysia 

(140,217). 
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Table 5.18 Association between knowledge and practice of pesticide use and demographics and work 

factors in various studies  

 

Variable Knowledge of pesticide use Practice of pesticide use 

Age Older age was associated with good knowledge a 

(217) 

NPD b 

Educationa

l level 

Higher education was associated with increased 

level of knowledge (140,219,220) 

NPD b 

Duration 

of spraying 

Lesser  spraying duration was associated with good 

knowledge a (140,217) 

Lesser spraying duration was 

associated with better practice 

(217) 

Size of 

farm 

The larger the farm size , the better the knowledge 

(219) 

NPD b 

Working 

experience 

as a farmer 

Less experienced as a farmer was associated with 

good knowledge a (140) 

NPD b 

Pesticide 

use 

Use of pesticides for more than 10 years was 

associated with good knowledge a (140) 

Decrease years of pesticide use, was associated 

with better knowledge (220) 

NPD b 

PPE use Use of  PPE was associated with good knowledge a 

(197) 

NPD b 

Training The farmers who had training had more good 

knowledge a (219,220) 

NPD b 

a The knowledge score about mean and b No Published Data 

 

This study found that the farmers who had poor practice sprayed more than 

one day, did not re-entry into a sprayed field and did not wash equipment. However, 

none of the previous studies observed these associations (197,217,219,220).  

 

The findings from this study showed several interesting associations between 

PPE use and pesticide exposure. Significant relationships between PPE use and the 

use power sprayer/blower and did not re-entered into spraying farm were observed. 

Based on the results in this study, the method of the application had an influence on 

the decision to use PPE. One plausible reason might be because of the complex and 

heavier the sprayer, the more likely the farmer was to use PPE. This present study 

found a significant association between re-entry to the farm and PPE use, where the 

majority of farmers who did not re-enter the farming area use PPE. This is an 

interesting finding and need further study to investigate this association.  

 

The education level was not significantly associated with PPE use. This is not 

in line with a study done in Ghana, which reported that the level of education is 

related to the decision to use PPE (221). A study was done in Greece also supported 

these findings as it indicated that the level of education was a determinant for PPE use 
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(222). The education of farmers will determine the level of knowledge about the 

adverse effects of pesticides and the importance of safety measures, which motivate 

them to use PPE during pesticide handling. However, this is not observed in this study 

probably because of the working culture not properly used PPE among this farming 

area irrespective to the education background. Although no statistical significance was 

found in the differences in PPE use and age, the results showed that those who use 

PPE were more likely to be among older farmers. This result implies that older 

farmers are more concerned regarding health-protective behaviour compared to 

younger farmers. In general, this finding appears consistent with other studies in the 

USA (223). 

 

An incident while using pesticides did not show any significant association 

with PPE use. This finding is inconstant with a previous study conducted in Colombia, 

where farmers who had experienced incidents in the past more likely to use PPE 

(224). This suggesting that the farmers learn from the previous incident and they need 

to be extra cautious to prevent the exposure. In this study, farm size does not influence 

on wearing of PPE. However, previous studies concluded farm size had a significant 

association with the decision to wear PPE, where it is likely that the larger farm size 

takes a longer time to complete the task (221). A significantly higher proportion of 

farmers who used PPE reported changing into clean clothing and showering right 

away after exposure. This demonstrates the farmers’ follow the recommendation on 

safety measures during pesticide application (221).  

 

The result of this study showed that the more than half of the farmers had good 

knowledge score but poor practice score of pesticide use. Many studies have been 

conducted in developing countries to assess knowledge and practice of pesticide use. 

In a study conducted among palm oil workers in Malaysia,  the workers  had a low 

level of knowledge, when the total score less than  80% but were excellent in practice, 

when the practice score above 80% (218). In another study conducted in the 

Cameroon among smallholder farmers, they were found to have inadequate 

knowledge but the practice was not assessed (225). Another study conducted in Iran 

among farmers showed similar results where most of the farmers did not have proper 

knowledge (226). However, the comparison findings from previous studies need to be 
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done carefully, mainly because they used different questions and analysis related to 

knowledge and practice.  

 

Very few farmers knew about carbamate. This lack of knowledge might be due 

to difficulty in understanding the technical term in the questionnaire. However, rice 

farmers knew more than vegetable/fruit farmers. During the first day of current 

spraying week in this study, more rice farmers used carbamate compared to 

vegetable/rice farmers. Hence, they were familiar with carbamate and this might be 

the possible reason why rice farmers know more than vegetable/rice farmers. More 

vegetable/fruit farmers answered correctly that gloves are important to wear during 

spraying. This could be because in this study more vegetable/fruit farmers wore 

gloves more than rice farmers even though not statistically significant and became 

their practice while spraying pesticides.  

 

More than half of the vegetable/farmers never mixed pesticides with the other 

materials compared to only 30% of rice farmers. This practice of mixed pesticides 

with other materials is considered cost effective and saves them time. However, this 

can potentially cause problems such as poor performance due to antagonism of action 

and also improper mixing order  (227).  

 

More than half of the rice farmers never sprayed upwind compared to around 

30% for vegetable/fruit farmers. This is consider a good practice because applying the 

pesticide upwind had a significantly increase risk of adverse health effects (228). 

Figure 5.6 shows the rice farmer spraying upwind. 

 

Safety is the key element in pesticide storage. More than half of the rice 

farmers always stores pesticides in cabinets compared to around 30% for 

vegetable/fruit farmers. This is considered the safest approach.  However, in order to 

comply with regulation, the cabinet need to be lock and should be properly identified 

with a sign. The cabinet also need to be access to those who properly trained in the use 

pesticide (229).  
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Figure 5.6 Example of poor practices while using pesticide where  

the rice farmer spraying upwind 

 

 

More than 90% of the farmers were always practising change clothes, wash 

hands and shower immediately. This suggests that the farmers have good practice in 

hygiene and sanitation and in line with Malaysia Good Agricultural Practice (My 

GAP). However, better facilities and infrastructure such as changing rooms need to be 

improved.  

 

5.3.3 Strengths and weaknesses of the study  

 

One of the strengths of this study, to my knowledge, this current study might be the 

first one to investigate the knowledge and practice of pesticide use among farmers in 

Kelantan. In addition, the questionnaire that have been used was comprehensive and 

addressed almost all pesticide use items which had been validated in previous study 

(230). 

 

The limitation must be considered when interpreting the results. First, this 

study was conducted in one area in Malaysia. Therefore, it might not be representative 

and may be difficult to generalise the results of this study to other populations in 
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Malaysia as maybe the results different in other difference study population. The 

information obtained from this study was self-reported by the farmers, which is prone 

to potential recall bias.  

 

5.3.4 Potential implications and future study 

 

Data generated by this study suggests that training is needed among this population. 

Pesticide use training for farmers is likely to be an important intervention that can 

reduce exposure to pesticides. This intervention needs to be done to educate the 

farmers on the correct way of dealing with personal hygiene and sanitation practices 

before, during and after application of pesticide and also of the importance in using 

PPE correctly. In this training, some effort should be given to targeting farmers who 

repair spraying equipment. Hopefully, by educating them, new habits will be installed, 

which will improve their health.  

 

               Questionnaire knowledge and practice provides useful inputs to policy 

makers about decision making for farmer’s training. The findings of the study will 

assist the policy makers to reduce the effect of pesticide exposure. My GAP standard 

with the objective of improving the safety and quality of agricultural produce and 

safety was implementing in Malaysia in 2002. However, because of costs, many small 

holder farmers were not interested in joining this program (231). Hence, at the local 

government level, either the government itself or NGOs should provide free health 

literacy programs for those small-scale farmers who have not been able to join My 

GAP. This will provide an opportunity for the farmers to gain knowledge on best 

pesticide practice.   

 

5.4 CONCLUSION  

 

This research provides interesting findings about knowledge and practice related to 

pesticide use among the farmers. It is important to underline that, not use PPE, 

bystander farmers and repaired spraying equipment were associated with increase 

poor knowledge scores of pesticide use and increase poor practice scores of pesticide 

use was associated with long duration of working, did not re-entry into sprayed field, 
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and not washing equipment. It is important to note that the pesticide exposure such as 

used of power sprayer/blower and did not re-enter into field was associated with PPE 

use. These findings provide an opportunity for further training and research. 
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CHAPTER 6: SELF-REPORTED ACUTE HEALTH SYMPTOMS  

DURING A WEEK FOLLOWING SPRAYING 

 

6.1 INTRODUCTION 

 

In addition to chronic health problems, recent epidemiological studies have provided 

evidence of the impact of pesticide exposure especially to OP pesticides, producing 

both mild and severe acute symptoms such as irritation of the nose, throat, eyes or 

skin, headache, dizziness and others in agricultural workers  (127). Several studies 

have been conducted looking at acute health symptoms among workers in Malaysia 

and these have similarly reported symptoms such as diarrhoea, vomiting, dizziness, 

and numbness (44,62,132,133,165). All the studies used a cross-sectional study design 

and not a longitudinal or follow up study after exposure. They also used 

questionnaires to evaluate the symptoms. For the exposures, the studies used 

questionnaires (44,62,132,133,165), personal air sampling (62), buccal swab (133) or 

DREAM questionnaire (62). However, the association between symptoms and 

occupational exposure to pesticide in these studies were not well established and 

remain unclear.  

 

This study has shown that the farmers were exposed to pesticides during 

pesticide use by the detection of pesticide metabolites in their urine (Chapter 4). This 

chapter will focus on acute ill health effects following pesticide exposure in order to 

address the limitations of previous studies conducted in Malaysia. The findings of 

acute health effects will provide implications for strategies to reduce the risk of health 

effects.   

 

6.1.1 Aims and objectives  

 

The aims for the work described in this chapter were to investigate the nature and 

determinants of acute health symptoms reported following pesticide spraying 

 

The specific objectives were to  
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a) Determine the nature and prevalence of self- reported acute health symptoms 

occurring 48 hours during a spraying week  

b) Examine the association between self-reported acute health symptoms 

occurring 48 hours of spraying and demographics, working practices and 

pesticide exposure during first day of current spraying week 

 

6.2 RESULTS 

 

The study population in this chapter was the same as that of Chapter 4 and consisted 

of 150 farmers. 

 

6.2.1 Activity during spraying week  

 

Figure 6.1 shows the tasks done by the farmers during a week when they sprayed. On 

day 1, all farmers sprayed pesticide but the percentage spraying on subsequent days 

was lower (28% on day 2, 22.7% on day 3, 14.7% on day 4, 12.7% on day 5 and 

10.7% on day 6). On day 7, 14% of farmers sprayed. Between 2% to 5.3% and 5.3% 

to 12% of farmers were bystanders when a field was being sprayed and worked in a 

sprayed field, respectively. On day 6, rice farmers sprayed more than vegetable/fruit 

farmers (p=0.03). On day 2, more rice farmers were bystanders and worked in sprayed 

fields than vegetable/fruit farmers (p=0.07). On all other days, no significant 

association was observed between the type of farming and activities carried out (Data 

not shown). 

 

6.2.2 Self-reported ill-health during the spraying week  

 

On the day before spraying, none of the farmers reported that they felt ill whereas 

32.7% of farmers reported on at least one occasion a health symptom occurring within 

48hours after spraying in the spraying week (Table 6.1). Symptoms were more 

common among rice farmers compared to vegetable/fruit farmers (p=0.04). Among 

those farmers who reported symptoms, the majority of them had two or more 

symptoms with rice farmers more likely to have two or more symptoms than 

vegetable/fruit farmers (p=0.03).  
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Figure 6.1: Task done by the farmers during a week following spraying 

(A) Spraying, (B) Bystander at field being sprayed, (C) Working in a field that  

(B) had been sprayed  

*Scale of Y-axis is difference between graphs 

 

       Table 6.1: Percentage of symptoms occurring within 48 hours of spraying reported by the farmers 

 

Variable Total, 

n (150) 

Type of farming P 

value Rice (n=83) Vegetable/Fruit (n=67) 

Symptom, n (%) 

    Yes 

     No  

 

49 (32.7) 

101 (67.3) 

 

33 (39.8) 

50 (60.2) 

 

16 (24.0) 

51 (76.0) 

0.04 a 

Number of symptom, n (%) 

    0 

    1 

    2 

    3 

    4 

     5 c 

 

101 (67.3) 

10 (6.7) 

22 (14.7) 

9 (6.0) 

3 (3.0) 

5 (3.3) 

 

50 (60.2) 

5 (6.0) 

17 (20.5) 

8 (9.7) 

1 (1.2) 

2 (2.4) 

 

51 (76.0) 

5 (7.5) 

5 (7.5) 

1 (1.5) 

2 (3.0) 

3 (4.5) 

0.03 b 

a P value by Chi-Square test, b P value by Fisher Exact test, c Of the 2 rice farmers, 1 had 10 

symptoms and 1 had 19 symptoms and of the 3 vegetable/fruit farmers, 1 had 8 symptoms, 1 had 

10 symptoms and 1 had 20 symptoms 

 

Figure 6.2 shows how the symptoms varied over the seven days following the 

first day of spraying, with symptoms peaking on day 1 of the spraying week and 

gradually reducing over the week. On day 1, 30% of the farmers experienced 
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symptoms and 17.3% of the farmers experienced symptoms on day 2, followed by 

7.3% on day 3, 10% on day 4 and 8% from day 5 till day 7.  On day 1, 71.1% of rice 

farmers reported symptoms but only 28.9% of vegetable/fruit farmers, a difference 

that was statistically significant (p=0.01). There were no other significant differences 

between type of farming and reported symptoms on day 2 till day 7 (Data not shown).  

 

1 2 3 4 5 6 7

0

20

40

60

80

100

Day of spraying

P
e
rc

e
n

ta
g

e
 f

a
rm

e
rs

Reported at least one symptom

No reported any symptoms

 
 

Figure 6.2: Frequency of farmers who reported and not reported a symptom on  

any specific day over seven days following on 48 hours after spraying 

 

 

Figure 6.3 shows the percentage of farmers with one, two and three of more 

symptoms. The percentage of farmers who reported one symptom was higher on day 

2, whereas it was higher on day 1 for those who reported either two or three or more 

symptoms. 

 

The number of farmers with symptoms varied with day after spraying (Figure 

7.4). On days 1, 3 and 5, among the farmers who reported symptoms, the highest 

percentage of farmers experienced two symptoms. On days 2 and 6, the highest 

percentage of farmers experienced only one symptom. On days 4 and 7, the highest 

percentage of farmers experienced three or more symptoms. 
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Figure 6.3: Percentage of farmers who reported one, two and three or more symptoms  
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Figure 6.4: Percentage of farmers reporting one, two and more than two symptoms by day 

*The percentage is based on farmers who had symptoms 

 

The frequency of individual self-reported health symptoms up to seven days 

after the first day of spraying is shown in Figure 6.5. Following pesticide spraying, the 

most common symptom on day 1 was feeling unusually tired which accounted for 

16% of reports but there was no significant difference between type of farming 

(p=0.44). Other common symptoms were feeling sweaty, shivery and feverish 

(13.3%) and having a headache (13%) and there was again no significant difference 

between type of farming (p=0.16) and (p=0.06), respectively. The prevalence of all 
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other symptoms was below 10.0%. On day 2, headache was the principal symptom 

experienced by 10.7% of farmers and there was no difference between type of farming 

(p=0.25). All other symptoms were reported by less than 10% of farmers and the 

frequency of all symptoms was below 10% on day 3 onwards. 

 

6.2.3 Variation of pyrexial and respiratory factors occurring within 48 hours of 

spraying over the week following spraying  

 

18.7% and 2.7% of the farmers were identified as having either a pyrexial or 

respiratory factor occurring within 48 hours of spraying, respectively (Table 6.2). No 

significant association was found between these symptom complexes and the type of 

farming. 

 

Table 6.2 Percentage of farmers categorised as having pyrexial or respiratory factor occurring within 48 

hours of spraying  

 

Factor Type of farming 

Rice (n=83) Vegetable/Fruit (n=67) P value 

Pyrexia, n (%) a 15 (18.1) 13 (19.4) 0.84 c 

Respiratory, n (%) b 3 (3.6) 1 (1.5) 0.63 d 
a Consisted of four symptoms including feeling generally ill, unusually tired, sweaty, shivery, feverish, 

hot or cold and headache, b Consisted of five symptoms including runny, stuffy, blocked or irritated 

nose, cough, shortness of breath, wheeze and eye irritation, c P value by Chi-Square test, d P value by 

Fisher Exact test 

 

The percentage of farmers with the pyrexial factor was highest on day 1 which 

accounted for 14.7% of farmers and decreased on day 2 (6.7%) and remained 

relatively unchanged from day 3 in a range between 4% to 5.3%.  

 

On day 1 till day 4, only two farmers were identified as having respiratory 

factor and this was reduced to one farmer on day 5 and day 6. On day 7, none of the 

farmers were identified as having the respiratory factor (Figure 6.6).  

 

Figure 6.7 shows how the percentage of farmers experiencing the pyrexial 

factor occurring 48 hours after spraying varied with the type of farming. The pyrexial 

factor was more common among rice farmers than vegetable/fruit farmers but there 

were no significant difference between type of farming and pyrexial factor (Data not 

shown).  
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Figure 6.5 Frequency of specific diary symptoms and symptom complexes by day after sprayed 

(A) Abdominal cramp, (B) Anxiety, (C) Cough, (D) Diarrhoea, (E) Dry mouth, (F) Eye irritation 

*Scale of Y axis is difference between graphs 
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Figure 6.5 (Cont.) Frequency of specific diary symptoms and symptom complexes by day after sprayed 

(G) Feeling generally ill, (H) Feeling unusually tired, (I) Headache, (J) Hoarse voice, (K) Increased thirst, (L) Nausea and vomiting 

*Scale of Y axis is difference between graphs 

 



 

 

193 

1 2 3 4 5 6 7

0

1

2

3

(M)

Day of spraying

P
e
rc

e
n

ta
g

e
 f

a
rm

e
rs

1 2 3 4 5 6 7

0.0

0.5

1.0

1.5

2.0

2.5

(N)

Day of spraying

P
e
rc

e
n

ta
g

e
 f

a
rm

e
rs

1 2 3 4 5 6 7

0.0

0.5

1.0

1.5

(O)

Day of spraying

P
e
rc

e
n

ta
g

e
 f

a
rm

e
rs

1 2 3 4 5 6 7

0

2

4

6

8

(P)

Day of spraying

P
e
rc

e
n

ta
g

e
 f

a
rm

e
rs

1 2 3 4 5 6 7

0.0

0.5

1.0

1.5

(Q)

Day of spraying
P

e
rc

e
n

ta
g

e
 f

a
rm

e
rs

1 2 3 4 5 6 7

0.0

0.5

1.0

1.5

(R)

Day of spraying

P
e
rc

e
n

ta
g

e
 f

a
rm

e
rs

 
Figure 6.5 (Cont.) Frequency of specific diary symptoms and symptom complexes by day after sprayed 

(M) Palpitation, (N) Passing less urine, (0) Poor appetite, (P) Pain in muscle or joint, (Q) Runny nose, blocked or irritated nose, (R) Shortness of breath 

*Scale of Y axis is difference between graphs 
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Figure 6.5 (Cont.) Frequency of specific diary symptoms and symptom complexes by day after sprayed 

(S) Sweaty, shivery and feverish, (T) Sore throat, (U) Tremor, (V) Wheeze 

*Scale of Y axis is difference between graphs 
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Figure 6.6: The frequency of identified symptom factors occurring 48 hours after spraying  
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      Figure 6.7: Frequency of the pyrexial factor among rice and vegetable/fruit  

farmers occurring 48 hours after spraying 

 

6.2.4 Determinants of pyrexial factor risk occurring 48 hours after spraying 

over the week  

 

Only the pyrexial factor will be examined because of the low number of farmers 

identified as having the respiratory factor. 
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6.2.4.1 Associations between the pyrexial factor occurring 48 hours after 

spraying and demographic factors  

 

Table 6.3 shows the associations between the pyrexial factor occurring 48 hours after 

spraying and demographic factors among the farmers. The farmers who experienced 

the pyrexial factor were younger (p=0.01), single (p=0.03) and from low income 

families (p=0.03). 

 

 

Table 6.3: Associations between the pyrexial factor occurring 48 hours after spraying and demographic 

factors 

 

Variable Pyrexial factor 

Yes (n=28) No (n=122) P value 

Age, yrs 

     Mean SD 

     Min-Max 

 

39.8 17.7 

21-77 

 

49.4 14.9 

17-81 

0.01 a 

BMI, n (%) 

     Under weight 

     Normal weight  

     Overweight 

     Obesity  

 

4 (14.3) 

16 (57.1) 

7 (25.0) 

1 (3.6) 

 

6 (4.9) 

80 (65.6) 

30 (24.6) 

6 (4.9) 

0.33 b 

Marital status, n (%) 

     Single 

     Married 

     Widowed/ Divorced   

 

10 (35.7) 

18 (64.3) 

0 (0.0) 

 

16 (13.1) 

103 (84.4) 

3 (2.5) 

0.03 b 

Educational level, n (%) 

     Never been to school 

     Primary education  

     Secondary education 

     Tertiary education  

 

0 (0.0) 

8 (28.6) 

9 (32.1) 

11 (39.3) 

 

10 (8.2) 

33 (27.0) 

68 (55.7) 

11 (9.0) 

0.38 b 

Income per month, n (%) 

     Low income  

     Middle income   

 

22 (78.6) 

6 (21.4) 

 

65 (53.3) 

57 (46.7) 

0.03 c 

Smoking status, n (%) 

     Current smokers/ex-smokers 

     Non-smokers 

 

19 (67.9) 

9 (32.1) 

 

86 (70.5) 

36 (29.5) 

0.78 c 

a P value by Independent T-test, b P value by Fisher Exact test ,c P value by Chi-Square test 

 

6.2.4.2 Associations between the pyrexial factor occurring 48 hours after 

spraying and working practices during the first 24 hours of spraying  

 

Table 6.4 shows the associations between the pyrexial factor occurring 48 hours after 

spraying and working practices during the first 24 hours of spraying. 53.6% of farmers 

who experienced the pyrexial factor washed equipment after pesticide use compared 

to 32.8 % of farmers who did not experience the pyrexial factor (p=0.04). The farmers 

who experienced pyrexial factor also wore face shields more (p<0.01) and chemically 

resistant boots (p=0.02) less that those farmers who did not experience the pyrexial 
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factor. 71.4% of farmers who experienced the pyrexial factor had chest, back and 

abdomen (p=0.04) and legs (p=0.02) contact with pesticide during application 

compared to around 50% of farmers who did not experience the pyrexial factor. 

 

Table 6.4: Associations between the pyrexial factor occurring 48 hours after spraying  and working 

practices during the first 24 hours of spraying  

 

 

Variable 

Total 

(n=150) 

Pyrexial factor 

Yes 

(n=28) 

No 

(n=122) 

P value 

Duration of spraying, n (%) 

    Less than one hour 

    More than one hour  

 

120 (80.0) 

30 (20.0) 

 

20 (71.4) 

8 (28.6) 

 

100 (82.0) 

22 (18.0) 

0.21 a 

Amount of pesticide, n (%)  

    Less than 30 ml 

    More than 30 ml  

 

93 (62.0) 

57 (38.0) 

 

16 (57.1) 

12 (42.9) 

 

77 (63.1) 

45 (36.9) 

0.58 a 

Application methods, n (%) 

     Backpack sprayer 

     Power sprayer 

     Blower  

 

116 (77.3) 

13 (8.7) 

21 (14.0) 

 

23 (82.1) 

4 (14.3) 

1 (3.6) 

 

93 (76.2) 

9 (7.4) 

20 (16.4) 

0.13 b 

Clothes wore during application, n (%)  

    Hat 

    Goggles 

    Dusk mask 

    Face shields 

    Gloves 

    Long sleeve shirt 

    Short sleeve shirt 

    Apron 

    Chemically resistant suit 

    Long trousers  

    Short trousers 

    Chemically resistant boots 

    Shoes  

 

105 (70.0) 

6 (3.3) 

58 (38.7) 

27 (18.0) 

30 (20.0) 

106 (70.7) 

44 (29.3) 

3 (2.0) 

1 (0.7) 

138 (86.7) 

12 (8.0) 

126 (84.0) 

18 (12.0) 

 

18 (64.3) 

1 (4.0) 

9 (32.1) 

12 (42.9) 

4 (14.3) 

19 (67.9) 

9 (32.1) 

1 (3.6) 

0 (0.0) 

25 (89.3) 

3 (10.7) 

19 (67.9) 

5 (17.9) 

 

87 (71.3) 

5 (4.1) 

49 (40.2) 

15 (12.3) 

26 (21.3) 

87 (71.3) 

35 (28.7) 

2 (1.6) 

1 (0.8) 

113 (92.6) 

9 (7.4) 

107 (87.7) 

13 (10.7) 

 

0.47 a 

1.00 b 

0.43 a 

<0.01 a 

0.40 b 

0.72 a 

0.72 a 

0.51 b 

1.00 b 

0.56 b 

0.70 b 

0.02 b 

0.29 b 

Body contact with pesticide  

during application, n (%) 

    Head or face 

    Arms 

    Chest, back and abdomen 

    Legs 

    Feet 

 

 

60 (40.0) 

115 (76.7) 

81 (54.0) 

78 (52.0) 

69 (46.0) 

 

 

12 (42.9) 

23 (82.1) 

20 (71.4) 

20 (71.4) 

14 (50.0) 

 

 

48 (39.3) 

92 (75.4) 

61 (50.0) 

58 (47.5) 

55 (45.1) 

 

 

0.73 a 

0.45 a 

0.04 a 

0.02 a 

0.64 a 

Wash equipment after pesticide use, 

 n (%) 

     Yes 

     No 

 

 

55 (36.7) 

95 (63.3) 

 

 

15 (53.6) 

13 (46.4) 

 

 

40 (32.8) 

82 (67.2) 

0.04 a 

Repair spraying or mixing equipment, 

 n (%) 

     Yes 

     No 

 

 

44 (29.3) 

106 (70.7) 

 

 

11 (39.3) 

17 (60.7) 

 

 

33 (27.0) 

89 (73.0) 

0.20 a 

a P value by Chi-Square test, b P value by Fisher Exact test 
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6.2.4.3 Association between the pyrexial factor occurring 48 hours after spraying 

and pesticides used during the first 24 hours of spraying 

 

Table 6.5 shows the association between the pyrexial factor occurring 48 hours after 

spraying and pesticides used by the farmers during the first 24 hours of spraying. 

There was no significant association between pyrexia and pesticide use among the 

farmers. Out of 67 active ingredients, farmers with pyrexial symptoms used 14 active 

ingredients more than those farmers who did not have pyrexial symptoms. Out of 14 

active ingredients, there was one significant association between the pyrexial factor 

and fentin acetate (p=0.01) where the farmers who had the pyrexial factor were more 

likely to use fentin acetate (Table 6.6).  

 

Table 6.5: Associations between the pyrexial factors occurring 48 hours after spraying and pesticide used on first 

24 hours of spraying 

 

Variable Pyrexial factor 

Yes (n=28) No (n=122) P value 

Number of pesticide(s), n (%) 

     Single pesticide  

     More than one  

 

15 (53.6) 

13 (46.4) 

 

47 (38.5) 

75 (61.5) 

0.15 a 

Type of pesticide, n (%) 

     Insecticide  

     Herbicide  

     Fungicide  

 

21 (75.0) 

4 (14.3) 

11 (39.3) 

 

100 (82.0) 

25 (20.5) 

42 (34.4) 

 

0.40 a 

0.60 b 

0.63 a 

a P value by Chi-Square test, b P value by Fisher Exact test 

 

6.2.4.4 Associations between the pyrexial factor occurring 48 hours after 

spraying and pesticide exposure intensity score, DREAM score and urine 

metabolite 

 

Table 6.7 shows the associations between the pyrexial factor occurring 48 hours after 

spraying and pesticide exposure intensity score, DREAM score and urine metabolite. 

There was no significant association between pyrexial factor and pesticide exposure 

intensity score, DREAM scores and level of urinary metabolite.  

 

6.2.4.5 Logistic regression analysis of potential risk factors for pyrexial factor  

 

Table 6.8 shows the final model for predictors for pyrexial factor among the farmers. 

The farmers who wore face shields had nearly a 3-fold (OR 2.9; 95% CI: 1.01, 8.71) 

increased risk of having prexial factor than those who did not and the farmers who 
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wore chemical resistant boots had a reduced risk of having pyrexial factor (OR 0.23; 

95%CI: 0.08, 0.70). 

 

6.3 DISCUSSION  

 

6.3.1 Principal findings 

 

This study demonstrates the presence of acute health symptoms reported by the 

farmers following pesticide use. The overall prevalence of symptoms was 31% and 

feeling unusually tired, feeling sweaty, shivery and feverish and having a headache 

were highest reported symptoms within 48 hours of the spraying event. The reported 

symptoms were more common among rice farmers than vegetable/fruit farmer and the 

majority of rice farmers experienced more than two symptoms. 18.7% of farmers had 

a pyrexia factor but few farmers a respiratory factor. The farmers who used fentin 

acetate were prone to get pyrexial factor. The risk of the pyrexial factor was increased 

in farmers who wore face shields and decreased among farmers who wore chemical 

resistant boots. 

 

6.3.2 Possible explanations for findings  

 

This study determined that rice farmers reported significantly more ill-health 

symptoms than vegetable/ fruit farmers. In a study conducted in Malaysia, shows that 

41% of the rice farmers reported cough symptom, followed by wheezing (18.1%) and 

difficulty in breathing (16.9%) (44). Similarly, another study conducted in Nigeria 

among rice farmers reported that the most common symptoms were eye irritation 

which accounted for 66.7%, followed by dizziness (58.3%) and vomiting (56.8%) 

(232). This is possibly due to rice farmers in this study population having increased 

pesticide exposure due to poorer use of PPE, increased use of power sprayers and 

blowers, longer duration of spraying and increased farm size compared to 

vegetable/rice farmers. However, the self-reported ill-health may have resulted from 

factors, other than pesticide exposure, such as the hot climate or ergonomic problems 

from carrying heavy spraying equipment or are the result of existent health problems. 
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Table 6.6: Associations between pyrexia factors occurring 48 hours after spraying and pesticide used based on active  

ingredient during the first 24 hours of spraying  

 

Type of chemical class Active ingredient Pyrexial factor, n (%) 

Yes (n=28) No (n =122) P value 

Acetamide Pretilachlor 

Propanil 

0 (0.0) 

1 (3.6) 

1 (0.8) 

1 (0.8) 

0.19 a 

0.34 a 

Acetamide/Benzoid Pretilachor/Pyribenzoxim 0 (0.0) 1 (0.8) 0.19 a 

Acylananine/Carbamate Metalaxy/Mancozeb  0 (0.0) 1 (0.8) 0.19 a 

Aryloxypyrimidine Azoxystrobin  0 (0.0) 1 (0.8) 1.00 a 

Aryloxypyrimidine/Triazole Azoxystrobin/ Difenoconazole  1 (3.6) 7 (5.7) 1.00 a 

Azole 

 

Carbendazim  

Difenoconazole  

Epoxiconazole  

Tricyclazone  

0 (0.0) 

0 (0.0) 

0 (0.0) 

1 (3.6) 

5 (4.1) 

2 (1.6) 

1 (0.8) 

8 (6.6) 

0.38 a 

1.00 a 

1.00 a 

1.00 a 

Benzoylurea Flufenoxuron 

Lufenuron 

0 (0.0) 

0 (0.0) 

4 (3.3) 

2 (1.6) 

1.00 a 

1.00 a 

Carbamate  

 

 

Flubendiamide  

Mancozeb  

Pyraclostrobin  

Propamocard hydrochloride 

Propineb  

5 (17.9) 

0 (0.0) 

0 (0.0) 

0 (0.0) 

2 (7.1) 

14 (11.5) 

9 (7.4) 

1 (0.8) 

1 (0.8) 

8 (6.6) 

0.36 b 

0.21 a 

1.00 a 

1.00 s 

1.00 a 

Carbamate/Azole Mancozeb/Carbendazim 1 (3.6) 2 (1.6) 0.46 s 

Chloride  Paraquat Dichloride  1 (3.6) 10 (8.2) 0.69 s 

Formetanate  Formetanate   0 (0.0) 1 (0.8) 1.00 a 

Macrocyclic lactone Abamectin   3 (10.7) 7 (5.7) 0.4 a 

Malonate ester Isoprothiolane  1 (3.6) 6 (4.9) 1.00 a 

Natural  Bacillus Thuringiensis  0 (0.0) 3 (2.5) 1.00 a 
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Neonicotiniods Imidacloprid  

Acetamiprid  

3 (10.7) 

0 (0.0) 

6 (4.9) 

1 (0.8) 

0.37 a 

1.00 a 

Neonicotiniods/Pyrethroid Imidacloprid/Beta-Cyfluthrin  0 (0.0) 1 (0.8) 1.00 a 

Neonicotinoid/Diamine Thiamethoxam/Chloraniliprole  0 (0.0) 6 (4.9) 0.6 a 

Nereistoxin Cartap hydrochloride  0 (0.0) 1 (0.8) 1.00 a 

Nitrate Fenoxaprop ethyl 0 (0.0) 2 (1.6) 1.00 a 

Organochlorine Chlorfluazuron 

Pyridaben 

0 (0.0) 

0 (0.0) 

1 (0.8) 

1 (0.8) 

1.00 a 

1.00 a 

Organophosphate  

 

Chlorpyrifos  

Dimethoate  

Fenthion   

Glyphosate isopropylamine  

Malathion 

0 (0.0) 

1 (3.6) 

0 (0.0) 

0 (0.0) 

1 (3.6) 

10 (8.2) 

2 (1.6) 

1 (0.8) 

2 (1.6) 

1 (0.8) 

0.21 a 

0.46 a 

1.00 a 

1.00 a 

0.34 a 

Organophosphate/Carbamate  Fenitrothion/Fenobucarb  1 (3.6) 1 (0.8) 0.34 a 

Organophosphate/Pyrethroid Chlorpyrifos/Cypermethrin  2 (7.1) 13 (10.7) 0.74 a 

Organotin  Fentin acetate  5 (17.9) 1 (0.8) 0.01 a 

Oxazolidinone/ Acetamide  Clomazone /Propanil  0 (0.0) 1 (0.8) 1.00 a 

Phenoxy  2,4-Butyester 

2,4-D-dimethylammonium 

2,4-D-Iso-butyl ester 

MCPA Dimethylammonium  

MCPA Potassium   

0 (0.0) 

1 (3.6) 

0 (0.0) 

0 (0.0) 

0 (0.0) 

1 (0.8) 

0 (0.0) 

2 (1.6) 

1 (0.8) 

4 (3.3) 

1.00 a 

0.19 a 

1.00 a 

1.00a 

1.00 a 

Phenylpyrazole Fipronil  1 (3.6) 3 (2.5) 0.56 a 

Phenylpyrazole/Neonicotinoids Fipronil/Imidacloprid  0 (0.0) 1 (0.8) 1.00 a 

Pyrethroid Cypermetrin   

Deltamethrin  

Lambda cyhalothin 

3 (10.7) 

0 (0.0) 

2 (7.1) 

10 (8.2) 

6 (4.9) 

9 (7.4) 

0.71 a 

0.59 a 

1.00 a 
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Quinolinecarboxylic acid  Quinclorac  0 (0.0) 3 (2.5) 1.00 a 

Ryanoid  Chlorantraniliprole  6 (21.4) 30 (24.6) 0.72 b 

Strobilurin/Azole Trifloxttrobin/Tebuconazole  0 (0.0) 3 (2.5) 1.00 a 

Sulfonylurea  

 

Bensulfuron-Methyl  

Chlorimuron-Ethyl 

Metsulfuron –Methyl   

0 (0.0) 

0 (0.0) 

0 (0.0) 

1 (0.8) 

1 (0.8) 

2 (1.6) 

1.00 a 

1.00a 

1.00 a 

Sulfonylurea/Quinolinemonocarboxylic  Bensulfuron-methyl/Quinolorac    0 (0.0) 1 (0.8) 1.00 a 

Sulfonylurea Metsulfuron-Methyl/Bensulfuron methyl  0 (0.0) 1 (0.8) 1.00 a 

Thiadizine  Bentazone 

Buprofezin 

0 (0.0) 

0 (0.0) 

1 (0.8) 

4 (3.3) 

1.00 a 

1.00 a 

Thiadizine/Nereistoxin Buprofezin/Cartap hydrochloride    0 (0.0) 2 (1.6) 1.00 a 

Triazines Pymetrozine  0 (0.0) 6 (4.9) 0.6 a 

Triazole/ Dioxolanes Difenononazol/Propiconazol 0 (0.0) 4 (3.3) 1.00 a 

Urea  Diafenthiuron    1 (3.6) 1 (0.8) 0.34 a 

White oil White oil    0 (0.0) 1 (0.8) 1.00 a 

Illegal pesticide  Illegal pesticide  0 (0.0) 1 (0.8) 1.00 a 

a P value by Fisher Exact test, b P value by Chi-Square test 
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Table 6.7: Associations between the pyrexial factor occurring 48 hours after spraying and pesticide 

algorithm intensity score, DREAM scores and urine metabolite 

 

Variable Pyrexial factor 

Yes (n=28) No (n=122) P value 

EFS score 

     Median (Q1-Q3) 

 

150.9 (103.4-251.8) 

 

151.1 (107.8-230.8) 

0.82 c 

AHS score 

     Median (Q1-Q3) 

 

2.4 (2.4-3.8) 

 

2.4 (2.3-2.5) 

0.89 c 

DREAM scores (n=130) 

     Median (Q1-Q3) 

 

59.1 (38.3-82.9) 

 

89.0 (40.7-128.9) 

0.12 c 

Level of urinary metabolites (n=25), n 

(%) a 

     High/Very high 

     Minimal/Low  

 

 

1 (33.3) 

2 (66.7) 

 

 

11 (50.0) 

11 (50.0) 

1.00 d 

Difference between post and pre level 

of PBA (n=25), n (%) b 

     High 

     Low 

 

 

1 (33.3) 

2 (66.7) 

 

 

7 (31.8) 

15 (68.2) 

0.96 d 

Difference between post and pre level 

of dCVA (n=25), n (%) b 

     High 

     Low 

 

 

1 (33.3) 

2 (66.7) 

 

 

8 (88.9) 

14 (63.6) 

0.92 d 

Difference between post and pre level 

of TCP (n=25), n (%) b 

     High  

     Low 

 

 

1 (33.3) 

2 (66.7) 

 

 

9 (40.9) 

13 (59.1) 

0.81 d  

a  High/Very high is when two scores above the median or all differ scores above the median and 

Minimal/Low is when scores always below the median 

or only one score above the median, b High is when the level above the median and low is when the 

level below the median, c P value Mann-Whitney U test, d P value by Fisher Exact test 

 

Table 6.8: Predictors for pyrexial factor among the farmers 

 

 

Variable 

Simple logistic regression Multiple logistic regression a 

Crude OR 

(95% CI) 

P value Adjusted OR (95% 

CI) b 

P value 

Wore face shields 

Wore chemical resistant boots 

Chest, back and abdomen exposed 

to pesticide 

Legs exposed to pesticide 

Washed equipment 

5.35 (2.13, 13.47) 

0.30 (0.11, 0.77) 

2.50 (1.02, 6.11) 

 

3.15(1.24, 8.00) 

0.41 (0.18, 0.94) 

<0.01 

0.01 

0.04 

 

0.02 

0.04 

2.90 (1.01, 8.71) 

0.23 (0.08, 0.70) 

1.74 (0.51, 5.90) 

 

1.58 (0.46, 5.39) 

0.39 (0.14, 1.05) 

<0.05 

<0.01 

0.38 

 

0.46 

0.06 
a Backward LR Multiple Logistic Regression model was applied, multicollinearity and interaction term 

were checked and not found, Hosmer-Lemeshow test (p=0.84) was applied to check the model fit 
b Adjusted with age - Adjusted OR=0.97, (95% CI=0.93, 1.01), marital status – Adjusted OR=1.08, 

(95% CI=0.28, 4.20) and income – Adjusted OR=2.26 (95% CI=0.74, 6.92) 

 

 



 

 

204 

multiple causes. Hence, it is difficult to determine whether the symptoms can be 

entirely attributed due to pesticide exposure or due to other risk factors and there is no 

strong definitive evidence either way. 

 

The symptoms reported also varied during the spraying week possible because 

there were repeated farmers who sprayed two- or three-times during spraying week, 

where the symptoms were only produced after repeated exposure to pesticide. 

However, this study did not find an association between level of urine metabolites and 

pyrexial factor. Another notable finding from this study is that used of fentin acetate 

was associated with pyrexia factor. However, no published studies have reported this 

association.  

 

In a study conducted in Indonesia, PPE use was associated with reduced acute 

health symptoms. However, this study did not specify the type of PPE (68). This is 

consistent with the result of this study where certain types of PPE were associated 

with pyrexia symptoms. The risk of having the pyrexial factor decreased when the 

farmers used chemical resistant boots and increased when they wore face shields. 

Chemical resistant boots are recommended to use while working with pesticides, 

especially liquid based ones, because the pesticide will run off immediately and the 

residual pesticide can be easily removed after application. Hence, chemical resistant 

boots use will minimize dermal exposure and provide adequate protection towards 

pesticide (222). Face shields is one of the PPE used to protect eyes and full face if 

accidently happen during pesticide handling such as during liquid splashes. However, 

this study found contradictory results on face shields, where the used of face shields 

associated with pyrexial factor.  

 

6.3.3 Strengths and weaknesses of the study  

 

This study is one of the few studies exploring acute health effects following pesticide 

exposure among farmers in Malaysia. Hence, the result will provide more information 

on this issue. This study also collected information on health effects based on seven 

days diary which provide extensive data on acute health effects compared to many 

studies in Malaysia where the symptoms were collected at one point of time 
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(44,131,132). Strength is that the study population come from the same ethnic group 

(Malay) which is more homogenous and has less genetic differences.  

 

This study has some limitations that warrant further discussion and need to be 

noted. First, self-reported exposure and health information is not a gold standard but a 

relatively simple method of obtaining information. Therefore, it remains unclear how 

accurate and reliable these self-reported exposures and health issues are. Farmers may 

have exaggerated or under-reported any symptoms. Hence this study is like the vast 

majority of previous epidemiological studies as it has relied on self-reported health 

symptoms and thus it may suffer from bias because this information relies only on the 

participants’ perception. Secondly, recall bias is also possible because the inability of 

farmers to recall the symptoms in one week in retrospect. To make it worse, majority 

of the farmers answered the diary at the end of the seven days. However, 

questionnaires are an essential way to collect information on health symptoms.  In this 

study, the farmers were exposed to wide range of pesticides which made it difficult to 

assess which pesticides produced the adverse health effects.  

 

6.3.4 Potential implications and future research  

 

Even though the symptoms reported among the farmers in this study can be classified 

as mild, evidence from other studies suggest that pesticide exposure may cause ill-

health in farming population (9,10,138). So, health care providers need to be aware of 

pesticide exposure health risks especially those working with agricultural populations. 

In addition to that, medical records need to be updated with farmer’s occupation in 

order to assist in the early detection of long- and short-term health effects of pesticide 

exposure. Looking at farmer’s point of views, the farmers and their families should 

have recognized what is the sign and symptoms of pesticide poisoning. This will allow 

prompt treatment if this happen and prevent further serious injury. From public health 

point of view, estimating and monitoring the prevalence of acute pesticide poisoning 

is essential for proper plan prevention strategies, intervention and policies. 

 

                Moreover, the high-quality prospective study is crucial in order to plan for 

proper public health interventions. It is evident that the current study has limitations 
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that need to address and further work is required to better delineate to what extent 

pesticide exposure may contribute to ill health. A future study should verify the self-

reported symptoms by more objective measurement such as a proper physical 

examination and vital sign check such as temperature and blood samples to measure 

kidney and liver function for example. In addition, despite the self-reported nature of 

the questionnaire the research team sometimes needed to obtain the daily health 

symptoms by a telephone interview.  

 

              It is important for a future study need to look at single type of chemical class 

such as OPs in relation to the development of health symptoms. A future study should 

also consider dermatological symptoms which was not included in this current study. 

There also need to for research on the effect of fentin acetate in causing pyrexial 

factor. In addition to the agricultural workers, their family members especially those 

who are more vulnerable such as children, elderly and women should be investigated. 

 

6.4 CONCLUSION 

 

In conclusion, acute ill-health symptoms were common and varied among farmers. 

Farmer’s PPE use was significantly associated with decreased or increased risk of 

having the pyrexial factor. Therefore, an effort from governmental and non-

governmental organisations is needed to educate the farmers and public and increase 

their awareness and understanding of the health risks associated with pesticide 

exposure at individual, family and community levels.  
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CHAPTER 7: OVERALL DISCUSSION 

 

 

7.1 INTRODUCTION 

 

Pesticide use in low- and middle-income countries is increasing due to food security 

issues and ensures local agricultural production even though it could produce adverse 

health impacts to the populations in agricultural communities. The adverse effects 

associated with pesticide exposure have emerged as a major public health challenge. 

Unfortunately, the acute health effects following pesticide exposure among 

occupationally exposed is underreported and the true burden of the disease remains 

unknown especially in developing countries.  

 

This study aimed to assess exposure to pesticides and investigate the potential 

acute health effects of pesticides among small scale farmers in Malaysia. To address 

these aims, a cohort study of Malaysian farmers was conducted in two districts on the 

East Coast of Malaysia, which is a main agricultural area in Malaysia. This study 

focussed mainly on male small holder farmers and consisted of pilot and main study. 

The pilot study (Chapter 3) focussed on the feasibility to conduct the field research in 

Malaysia. Meanwhile, the main study focussed on exposure assessment (Chapter 4) 

and acute health effects of pesticide exposure (Chapter 6). In addition, knowledge and 

practice of pesticide use and associations between PPE use, demographics and 

pesticide use were presented (Chapter 5).  

 

7.2 OVERALL FINDINGS 

 

The overall findings of this thesis will be discussed with reference to the specific 

objectives from each chapter and summaries of main results are shown in Table 7.1.   

 

The main focus of this study can be divided into two which are exposure 

assessment and ill health effects particularly acute effects. Aims 1-5 cover exposure 
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assessment and aims 9-12 cover ill-health effects. In addition, this thesis also 

discussed on knowledge and practice of pesticide use (aims 6-8). 

 

Table 7.1: Summary of main findings  

 

Aim Findings 

1) To quantify the level of urine 

metabolites pre- and post-spraying and 

determine the relationship between the 

level of urine metabolites, demographic 

factors and pesticide exposure (Chapter 4) 

The difference between post- and pre-spraying and post- 

spraying urine samples of chlorpyrifos. pyrethroids and 

cypermetrin were higher among farmers who used the 

pesticides and this was not observed among farmers who 

not used it (Refer section 4.2.2.3.2). 

 

The farmers who used power sprayer/blower and who had 

their head or face exposed were more likely to have high 

level of urinary metabolites (Refer section 4.2.3.4). 

2) To adapt existing AHS and EFS 

pesticide exposure intensity algorithm 

models to the study population to estimate 

pesticide exposure intensity (Chapter 4) 

The rice farmers have higher EFS level compared to 

vegetable/rice farmers (p<0.01). (Refer section 4.2.2.1).  

 

3)To estimate current pesticide exposure 

based on dermal exposure using 

(DREAM) (Chapter 4)   

Exposure occurs more during spraying than mixing and 

during spraying, rice farmers are exposed more than 

vegetable/fruit farmers. During mixing, vegetable/fruit 

farmers are exposed more than rice farmers (Refer section 

4.2.2.2.2). 

4)To determine the correlation between 

the DREAM score and AHS and EFS 

pesticide exposure intensity algorithm 

model scores (Chapter 4) 

Between EFS and AHS, there was a moderate positive 

correlation (Refer section 4.2.3.3). 

5)To determine the associations between 

pesticide exposure intensity scores and 

DREAM scores and demographics 

(Chapter 4) 

Lower income farmers had higher DREAM scores 

compared to higher income farmers. There were no other 

association between pesticide algorithm intensity scores 

and DREAM scores and demographic factors (Refer 

section 4.2.3)  

6)To assess knowledge and practice of 

pesticide use among the farmers (Chapter 

5) 

More vegetable/fruit farmers had good practice scores of 

pesticide use compared to rice farmers. The number of 

rice and vegetable/fruit farmers who had good knowledge 

scores of pesticide use was almost similar between two 

groups. (Refer section 5.2.1) 

 

7)To determine the associations between 

knowledge and practice of pesticide use 

and demographics and pesticide exposure 

(Chapter 5) 

A poor knowledge score of pesticide use was associated 

with not using PPE, repairing equipment after pesticide 

use and being a bystander farmer. (Refer section 5.2.1.7) 

 

A poor practice score of pesticide use was associated with 

duration of spraying more than one day, did not re-entry 

into a sprayed field and not wash equipment. (Refer 

section 5.2.1.7) 

8)To determine the associations between 

PPE use and demographic and pesticide 

exposure (Chapter 5) 

PPE use was associated with increase used of power 

sprayer/blower and did not re-enter into field being 

sprayed. (Refer section 5.2.2.6) 

 

   

9)To determine the nature and prevalence 

of self-reported acute health symptoms 

occurring 48 hours during a spraying week 

1 in 3 of farmers reported a health symptom after spraying 

pesticide and this was more common among rice farmers 

(Refer section 6.2.2). 
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(Chapter 6) 

10)To examine the association between 

self-reported acute health symptoms 

occurring 48 hours of spraying and 

demographics and pesticide exposure 48 

hours after pesticide spraying (Chapter 6) 

Used of chemical resistant boots was associated with 

reduce pyrexial factor. However, used of face shields was 

associated with increased pyrexial factor (Refer section 

6.2.4.5). 

11)To investigate the nature of ill-health 

(Chapter 4) 

1 in 3 farmers reported average/poor general health and 

the most common self-reported issue was high blood 

pressure (Refer section 4.2.4). 

12)To estimate the prevalence of somatic 

and neuropsychiatric ill-health including 

Parkinsonism, neuropathy, depression and 

dementia (Chapter 4) 

Nearly half of the farmers reported of being bothered at 

all by somatic symptoms. Among the neuropsychiatry   

symptoms, the prevalence of being bothered at all by 

Parkinsonism and neuropathy symptoms was the highest 

followed by the prevalence of being bothered at all by 

depression symptoms and the prevalence of being 

bothered at all by dementia symptoms was 16%. There 

were no differences between percentage of symptoms and 

type of farming (Refer section 4.2.5). 

13)To examine the associations between 

ill health and demographic factors and 

pesticide exposure (Chapter 4) 

The average/poor general health was associated with 

duration of spraying of one day per week (Refer section 

4.2.7.1).  

 

High blood pressure, being bothered at all of 

Parkinson/neurology and depression were associated with 

an incident while using pesticide (Refer section 4.2.7.2, 

section 4.2.7.3, and section 4.2.7.4). 

 

Being bothered at all by somatic and dementia were not 

associated with any pesticide exposure (Refer section 

4.2.7.5 and section 4.2.7.6). 

 

 Quantification of pesticide exposure in occupationally exposed populations is 

crucial to investigate their potential adverse health effects in farmers. Exposure and 

health effects of pesticides among farmworkers in Malaysia have not been adequately 

assessed and very limited published data is available. As highlighted in the literature 

review, many studies conducted in developing counties have relied on self-reported 

pesticide rather than others exposure assessment sources. For exposure assessment, 

this study designed based on a combination method of exposure assessment that 

included direct and indirect methods.  

 

The farmers who participated in this study experienced occupational exposure 

to pesticides. A high proportion of farmers who participated in this study had 

detectable urinary levels of chlorpyrifos, pyrethroid or cypermethrin metabolites. 

Farmers who reported using chlorphyrifos, pyrethroid or cypermethrin were more 
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exposed to these pesticides than other farmers who did not report using the specific 

pesticide where the significant difference between post- and pre-spraying urine 

metabolite levels among farmers who reported using chlorphyrifos, pyrethroid or 

cypermethrin and also the significant difference between farmers who reported using 

and not using chlorphyrifos, pyrethroid or cypermethrin and difference of post- and 

pre-spraying urine metabolites were reported. The farmers in Malaysia sprayed 

pesticides all year round. This could lead to extended exposure and pesticide load in 

body. 

 

The use of power sprayer/blowers and exposed head or face was associated 

with high urine metabolites. The possible mechanism is that the power 

sprayer/blowers produce more pesticide mist during spraying compared to backpacker 

sprayer. Another possible explanation is due to leaking of power sprayer/blowers 

which increases the risk of exposure through dermal exposure from skin and also 

contaminated clothes. The level of urine metabolite was high in farmers who had their 

head or face exposed. An increased risk of expose may occur due to proximity of the 

head/face to the pesticide mist produced by the power sprayer/blower and also 

because of the lack of adequate work clothing covering head or face.  

 

The DREAM scores were calculated in order to semi-quantitatively calculate 

dermal exposure. The farmers were exposed to pesticide during mixing and spraying. 

However, this study found that, high exposure was during spraying and there was a 

difference in exposure among the type of farming and the tasks they do. For instance, 

the vegetable/fruit farmers were more exposed during mixing and rice farmers more 

exposed during spraying. During mixing, hands were more exposed than other parts of 

the body due to the hand holding the cup when the farmers pour the pesticide in and 

the emission of pesticide occurred during that time. Figure 7.1 shows the farmers used 

bare hand to hold the cup to pour the pesticide. However, during spraying other parts 

of the body were exposed to pesticide either though transfer or deposition. 

 

This thesis provides some additional knowledge and understanding regarding 

acute and chronic health especially high blood pressure, somatic and neuropsychiatry 

symptoms. The initial plan was to focus on reproductive effects among men by 
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collecting semen samples. However, results from the pilot study showed that it was 

not feasible to collect semen samples. Further details have been described in Chapter 

3.     

 

 
 

Figure 7.1: The farmer used bare hand to hold the cup to pour the pesticide 

 

Acute ill-health effects were seen in this study where 1 in 3 farmers reported at 

least one symptom and this was more common among rice farmers. This study found 

a variation in the self-reported symptoms and the most reported symptoms were 

feeling unusually tired, feeling sweaty, shivery and feverish and having a headache. 

However, the symptoms were not specific to a pesticide and might be due to other 

causes such as the hot climate or ergonomic problems from carrying heavy spraying 

equipment or are the result of existent health problems. This is because most of 

reported symptoms occurred on days 1-2 and the acute health symptoms are rather 

non-specific, may not be necessarily pathological and can have multiple causes. 

Hence, it is difficult to determine whether the symptoms can be entirely attributed due 
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to pesticide exposure or due to other risk factors and there is no strong definitive 

evidence either way. 

 

Univariable analysis showed fentin acetate was associated with pyrexia factor. 

However, other active ingredients were not associated with pyrexial factor. The results 

were striking but the underlying reasons are not clear. Currently there is no strong 

epidemiological evidence of health effects related to fentin acetate usage. Factors that 

contribute to pyrexial factors include used of face shields (increased risk) and 

chemical resistant boots (reduce risk). The face shields can increase risk if the 

pesticide mist splash to the face shields and it will stay and the farmers touch and did 

not wash the face shields. Consequently, the face shields will increase risk of 

exposure. The farmers must be cautious with this and if the pesticide splashes the face 

shields, the shields need to be rinse thoroughly.  

 

At the study baseline, 70.0% of the farmers reported good or very good health 

condition and high blood pressure was the most common illness among the farmers. 

Nearly half of the farmers reported being bothered at all by somatic symptoms. 

Among neuropsychiatry symptoms, being bothered at all by Parkinsonism and 

neuropathy was the most reported symptoms followed by being bothered at all by 

dementia symptoms and then depression symptoms. This study illustrated that acute or 

chronic low dose pesticide exposure potentially results in chronic health problems. 

This was achieved by considering incidents while using pesticide variable as a proxy 

for acute exposure. Incidents while using pesticide was associated with 

Parkinsonism/neurology and depression symptoms. An” incident” whilst using a 

pesticide potentially reflects a  high pesticide exposure event and hence is potential on 

a causal pathway  and this could be  associated with length of time working as there is 

more opportunity to have an incident (146). Further work is required to determine 

whether this association reflects indeed a high pesticide exposure event. 

 

In term of knowledge score of pesticide use, there was no difference between 

rice and vegetable/fruit farmers. But, a difference was observed in practice scores of 

pesticide use where more rice farmers had a poor score. The rice farmers showed 

relatively lower practice scores than vegetable/fruit farmers, which was most likely 
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due to environment or condition of rice farmers working in muddy and shared 

spraying areas with other farmers. Figure 7.2 shows the vegetable farmer doing 

spraying in dry area and Figure 7.3 shows the rice farmers mixing pesticide in the 

muddy area. Being a bystander farmer, did not using PPE and repairing spraying 

equipment were associated with poor knowledge scores and duration of spraying more 

than one day, did not re-entry into a sprayed field and not wash equipment were 

associated with poor practice scores. 

 

This study also emphases that different types of farming will have difference 

types of exposure which can lead to different health effects. This study found that the 

rice farmers had higher exposure from results of urine metabolites level, EFS scores 

and DREAM score which lead to high prevalence of acute il-health symptoms and 

being bothered at all of somatic and neuropsychiatry symptoms.  

 

 

 
 

Figure 7.2: The vegetable farmer doing spraying in dry area 
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7.3 OVERALL STRENGTHS, LIMITATIONS AND RECOMMENDATION 

FOR FUTURE RESEARCH  

 

The study thesis has a number of strengths. To my knowledge, this is the first study in 

Malaysia that measured exposure by using various urine metabolites as biomarkers 

and examines pesticide exposure and somatic and neuropsychiatric symptoms. 

Convenience sampling was used as a study sampling method. This technique widely 

used in qualitative research where the target sample population meet certain criteria 

such as easy accessibility, geographical proximity and availability at a given time 

(233). This study also used a wide range of questions to obtain information on 

occupational histories and working practices that were collected through interview led 

questionnaire. In addition, the acute health symptoms were collected for a week.  

 

            In systematic review conducted by IMPRESS team, 40% of the studies used 

direct and indirect methods to assess exposure to pesticide (73). This study also using 

multiple exposure assessment method which includes combination of direct and 

indirect methods. Used of multiple EAM will counterbalance the weaknesses of one 

exposure assessment method with the strengths of another.  

 

 

Figure 7.3: The rice farmer mixing the pesticide in the muddy area and not wearing 

gloves while handling pesticide which will increase the exposure 
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              Acute occupational pesticide related illness (AOPI) surveillance is vital to 

preventing work-related illness. This will provide a better understanding and identify 

high-risk groups, high-risk pesticides and the root causes through exploration of the 

assessment of pesticide exposure and health impact due to pesticide exposure.  

 

             In addition, it may also help to reduce pesticide exposure and improved health 

status among farmers in Malaysia by determining the principal routes of exposure as 

the previous study among Thai farmers indicated that direct transfer of pesticides from 

farmers could increase familial exposure to pesticides (234). Therefore, the outcome 

of this research will be useful for researchers to provide advice for improvement for 

future research in this field. It also may offer new perspectives and benefits to the 

authorities and stakeholders to improve the current policies and the process of 

pesticides management in Malaysia.  

 

            The Sustainable Development Goals or Global Goals are the blueprints for 

achieving a better and more sustainable future for all. To leave no one behind, 

including farming communities, it is essential to make them by 2030. Looking at 

United Nation Sustainable Development Goals (SDGs), this study in line with SDG 

number 2 (zero hunger), 3 (good health and wellbeing), 8 (decent work and economic 

growth), 15 (life on land) and 17 (partnership for goals).  

 

            The present study analysis should he interpreted in the light of study’s 

limitations and should be acknowledged for better of future study. The used of 

questionnaires in assessing exposure and outcome prone to various type of bias such 

as misclassification and recall bias. This study relies on farmer’s recall of pesticide 

exposure, misclassification bias is likely to be considered. Recall bias occur when 

relying on self-reported exposure and symptoms. Furthermore, the farmers may not be 

interested in sharing their symptoms. The data of health symptoms from this study 

were reliant on self-perception and further study is needed to explore these symptoms 

by doing physical examination. 

 

              As explained above, the study population was not randomly selected. This 

could be source of selection bias, as no random selections of farmers from the total 
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population were made. This will limit the study conclusion. The sampling frame for 

this study involved only a single state in Malaysia. So, the results cannot be 

generalised and may not reflect the entire population of the study area. It is likely that 

working practices may vary between workers. With respect to future research, 

conducting a similar study in a wider and larger geographical area with an increased 

sample size would be of some benefit. Since this study is based on cross sectional data 

without the objective of this study was a control or unexposed group, further studies 

also need to have a control or unexposed group such as sample from general 

population. The study could have been strengthened by including a control group and 

the control group maybe the man who was not occupational exposed to the pesticide. 

 

             In term of sample size for main study, following the pilot study, an 

amendment to UoM UREC1 was submitted with a few proposed changes. Specifically 

in relation, it was noted that during the pilot study, none of the participants gave 

consent for semen sample collection. The proposed change was that participation in 

the study was not to be made contingent on collection of the semen sample. Semen 

sample collection was made optional. No change in sample size was made nor 

requested by UREC1.  In hindsight, it is likely that the study was underpowered and 

less likely to detect a true effect (235), but the data obtained from this study could be 

used to better design a study to highlight any possible non-reproductive health effects.   

 

              In this small-scale farming, housing areas are generally located near to the 

farming area. Hence, pesticides not only involve agricultural workers but also their 

families including women, children and elderly and they may have secondary 

pesticide exposure. A study on OP exposure among family members in an agricultural 

community in Thailand showed that they are exposed to pesticides in the spraying 

season and the main route of exposure is dermal (234). The family members can get 

their exposure from farmers at home if they return home with working clothes, 

washing and cleaning clothes and equipment in the home, mixing and storing 

pesticides at home. Additionally, in developing countries it is common that the 

children help their parents in doing agricultural work tasks. Hence, future research 

should aim to quantify pesticide exposure on the farm and in the homes of farming 

and non-farming families.  
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            A single type of pesticide such on organophosphate may provide more 

information on exposure and for further investigation future research should look at 

the most common types of pesticides used rather than the diverse collection in this 

study. This would make analyses more specific and easier make comparisons. 

Monitoring personal air for pesticides may also give better understanding about the 

pesticide exposure. Measuring pesticide concentration 24 hours at difference distances 

from the field, to quantify the concentration of pesticides in air samples would help to 

provide information as to what extent pesticide emissions result in exposure (236). Up 

to now, very little research has been carried out on the concentration of pesticides via 

personal air sampling. Thus, the pesticide exposure outside working hours will be not 

considered.  

 

            This study was not designed to elucidate the molecular mechanism underlying 

associations between health effects and pesticide exposure. In addition to biomarkers 

of exposure and effect, the future study also needs to look at genetic susceptibility 

such as paraoxonase (PON1) and cytochrome P450s as well. This study has shown 

fentin acetate exposure associated with pyrexial factor. It is vital that future studies 

should look at specific fentin acetate exposure in order to provide further information 

on any potential association between fentin acetate and health problems. 

 

7.4 IMPLICATION FOR FARMERS AND HEALTH CARE PROVIDERS 

TO MINIMISE THE HAZARDS OF PESTICIDES 

 

The smallholder farmers in Malaysia have struggled to use pesticides safely and 

effectively due to a lack of awareness and knowledge and poor attitude among them 

(224,237). Moreover, to make it worse, this has occurred because of a lack of training 

and good monitoring and guidelines for pesticide use in the country. In Malaysia, 

pesticide use is not a priority for environmental issues. This is because pesticides are 

widely used among small and medium enterprises only and not among large 

enterprises, to which the government pays more attention. In addition, most work in 

Malaysia has focused on other environmental health issues such as air pollution. 

Consequently, the effects of pesticide exposure are under-reported. This thesis has 

demonstrated that pesticide exposure exists among occupational populations. Hence, 
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results from this thesis provides a unique opportunity for the development of future 

research and interventions.  

 

               The risk due to pesticide exposure is unavoidable but there is a need to 

reduce risk. To achieve the goal of reducing pesticide exposure and protect farmers 

from pesticides several recommendations or steps are proposed for developing a 

paradigm shift of pesticide control in Malaysia. In order to minimise the hazards, this 

study provides a few recommendations. 

 

              In a study conducted in Northern Greece showed that farmers’ training on 

pesticide use is significantly associated with increased safety behaviour (238). Proper 

educational training programs especially focussing on work practice and use of PPE, 

hygiene measures and safety precautions especially on reading the label, are possible 

interventions that could be designed. This is to ensure that the farmers understand the 

health-related hazards of pesticide use. If possible, the training provided needs to be 

done in the local language, so it is easy for farmers to understand it. This study may 

have important scientific implications for health care providers. At the moment, 

training to recognize and deal with pesticide poisoning among health care providers is 

still lacking. Hence, health care providers are recommended to improve training on 

management and prevention of pesticide related health risks which include occupati 

onal risk assessment, diagnosis and assessment including differential diagnosis, 

common sign and symptoms, initial treatment and referral and prevention of pesticide 

poisoning. Following this study, an education workshop had been conducted in 

November 2020 by Crop Life Asia among the farmers. The workshop aimed to 

educate the farmers on safety while handling pesticide. This is as a precaution to 

reduce pesticide exposure in the absence of strong details about ill health effects 

among the farmers. 

 

7.5 FINAL CONCLUSION 

 

The results presented in this thesis have provided valuable information regarding 

occupational exposure to pesticides and possible health risk related to the exposure. A 

remarkable finding was that exposure to pesticides was observed among farmers in 
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Malaysia based on assessment such as urine metabolites, pesticide exposure intensity 

score and DREAM score parameters. Reporting of health symptoms including acute 

and chronic were observed. However, there was no sufficient evidence to say this is 

due to exposure to pesticide. This also possible due to other problems or is due to 

chance.  

 

However, this finding can serve as a foundation for further pesticide studies in 

Malaysia. In the field of occupational hygiene, the data from this study provides new 

information about exposure assessment and can contribute to the development of 

better exposure assessment approaches in epidemiologic studies of pesticides 

especially in developing countries. Overall, there are several recommendations to 

address the pesticide problems such as campaigns, education and training and they are 

required to improve understanding about the health risks of exposure. Hence, a cohort 

study incorporating outcomes and measurement of exposure on a large-scale should 

be conducted. 
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Appendix 8: Screening Questionnaire 
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Appendix 9: Interview Questionnaire (Pilot Study) 
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Appendix 12: Hospital Visit Questionnaire 
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Appendix 13: Interview Questionnaire (Main Study) 
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Appendix 16: Instructions leaflet for urine collection 
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Appendix 17: Instructions leaflet for semen collection 
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Appendix 18: Instructions for collecting of saliva sample 
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